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$FKPDQ��'�5���.�&��+RUQEXFNOH��DQG�6�-��(LVHQUHLFK����������9RODWL]DWLRQ�RI�SRO\FKORULQDWHG
ELSKHQ\OV�IURP�*UHHQ�%D\��/DNH�0LFKLJDQ���(QYLURQ��6FL��7HFKQRO�����������

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5�����������7R[LFRORJLFDO�SURILOH�IRU
EHQ]R�D�S\UHQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU
FKORUGDQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
��������WHWUDFKORURGLEHQ]R�S�GLR[LQ���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF
+HDOWK�6HUYLFHV��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU
KH[DFKORUREHQ]HQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
SRO\F\FOLF�DURPDWLF�K\GURFDUERQV���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF
+HDOWK�6HUYLFHV��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������F���7R[LFRORJLFDO�SURILOH�IRU
WR[DSKHQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU
FDGPLXP���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
FKORULQDWHG�GLEHQ]RIXUDQV���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK
6HUYLFHV��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������F���7R[LFRORJLFDO�SURILOH�IRU�''7�
''(��DQG�'''���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������G���7R[LFRORJLFDO�SURILOH�IRU
SRO\FKORULQDWHG�ELSKHQ\OV���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�
+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU�OHDG��
8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�
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$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
DOGULQ�GLHOGULQ���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU�������
���DQG��KH[DFKORURF\FORKH[DQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF
+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
PHUFXU\���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������F���7R[LFRORJLFDO�SURILOH�IRU
WR[DSKHQH���8SGDWH��GUDIW�IRU�SXEOLF�FRPPHQW����8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV�
3XEOLF�+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�

$OODUGLFH��'�5���DQG�6��7KRUS����������7KH������6WDWH�RI�WKH�/DNHV�(FRV\VWHP�&RQIHUHQFH��6�2�/�(�&��
%DFNJURXQG�3DSHU��$�FKDQJLQJ�*UHDW�/DNHV�HFRQRP\��(FRQRPLF�DQG�HQYLURQPHQWDO�OLQNDJHV��
(QYLURQPHQW�&DQDGD�DQG�8�6��(3$���(3$�����5��������

$QNOH\��*�7���5�'��-RKQVRQ��*��7RWK��/�&��)ROPDU��1�(��'HWHQEHFN��DQG�6�3��%UDGEXU\���������
'HYHORSPHQW�RI�D�UHVHDUFK�VWUDWHJ\�IRU�DVVHVVLQJ�WKH�HFRORJLFDO�ULVN�RI�HQGRFULQH�GLVUXSWRUV���5HY�
7R[LFRO��6HU��%���(QYLURQ��7R[LFRO�

$UNRRVK��0�5���(��&OHPRQV��0��0\HUV��DQG�(��&DVWLOODV����������6XSSUHVVLRQ�RI�%�FHOO�PHGLDWHG
LPPXQLW\�LQ�MXYHQLOH�FKLQRRN�VDOPRQ�DIWHU�H[SRVXUH�WR�HLWKHU�D�SRO\F\FOLF�DURPDWLF�K\GURFDUERQ
RU�WR�SRO\FKORULQDWHG�ELSKHQ\OV���,PPXQRSKDUPDFRO��,PPXQRWR[LFRO����������������

$UPVWURQJ��0����������1RWHV�IURP�0LNH�$UPVWURQJ��)LVKHULHV�&RPPLVVLRQ��/LWWOH�5RFN��$5���0DUFK
�����

$UQROG��6�)���'�0��.ORW]��%�0��&ROOLQV��3�0��9RQLHU��/�-��*XLOOHWWH�-U���DQG�-�$��0F/DFKODQ���������
6\QHUJLVWLF�DFWLYDWLRQ�RI�HVWURJHQ�UHFHSWRU�ZLWK�FRPELQDWLRQV�RI�HQYLURQPHQWDO�FKHPLFDOV���6FLHQFH
��������������

$VPDQ��:�$�+����������(PLVVLRQ�DQG�GHSRVLWLRQ�RI�DPPRQLD�DQG�DPPRQLXP���1RYD�$FW
/HRSROGLQD��1)������������������

%lFNOLQ��%�0���DQG�$��%HUJPDQ����������0RUSKRORJLFDO�DVSHFWV�RQ�WKH�UHSURGXFWLYH�RUJDQV�LQ�IHPDOH
PLQN�PXVWHOD�YLVRQ�H[SRVHG�WR�3&%V�DQG�IUDFWLRQV�WKHUHRI���$PELR���������������

%DNHU��-�(���DQG�6�-��(LVHQUHLFK����������&RQFHQWUDWLRQV�DQG�IOX[HV�RI�SRO\F\FOLF�DURPDWLF
K\GURFDUERQV�DQG�SRO\FKORULQDWHG�ELSKHQ\OV�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH�RI�/DNH�6XSHULRU��
(QYLURQ��6FL��7HFKQRO�������������

%DNHU��-�(���7�0��&KXUFK��6�-��(LVHQUHLFK��:�)��)LW]JHUDOG��DQG�-�5��6FXGODUN����������5HODWLYH
DWPRVSKHULF�ORDGLQJV�RI�WR[LF�FRQWDPLQDQWV�DQG�QLWURJHQ�WR�WKH�*UHDW�:DWHUV���(3$�����5��������
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%DNHU��-�(���HG���������LQ�SUHVV����$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG
FRDVWDO�ZDWHUV���3URFHHGLQJV�IURP�D�VHVVLRQ�DW�WKH�6RFLHW\�RI�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\
V��6(7$&
V����WK�$QQXDO�0HHWLQJ��2FWREHU����1RYHPEHU����������'HQYHU��&2���6(7$&
3UHVV��3HQVDFROD��)/��

%DNHU��-�(���'�/��3RVWHU��&�$��&ODUN��7�0��&KXUFK��-�5��6FXGODUN��-�0��2QGRY��5�0��'LFNKXW��DQG�*�
&XWWHU���������LQ�SUHVV����/RDGLQJV�RI�DWPRVSKHULF�WUDFH�HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO
ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/�

%DUQHD�(�5���DQG�5��6KXUW]�6ZLUVNL����������0RGLILFDWLRQ�RI�SXOVDWLOH�KXPDQ�FKRULRQLF
JRQDGRWURSKLQ�VHFUHWLRQ�LQ�ILUVW�WULPHVWHU�SODFHQWDO�H[SODQWV�LQGXFHG�E\�SRO\F\FOLF�DURPDWLF
K\GURFDUERQV���+XPDQ�5HSURG���������������

%DUU��-�)����������3RSXODWLRQ�G\QDPLFV�RI�WKH�FRPPRQ�ORRQ��*DYLD�LPPHU��DVVRFLDWHG�ZLWK�PHUFXU\�
FRQWDPLQDWHG�ZDWHUV�LQ�QRUWKZHVWHUQ�2QWDULR���2FFDVLRQDO�3DSHU�1R������&DQDGLDQ�:LOGOLIH
6HUYLFH�

%DUUyQ��6���-�0��7XVHOO��DQG�-��6HUUDWRVD����������(IIHFW�RI�JDPPD�KH[DFKORURF\FORKH[DQH�LQ
FDOPRGXOLQ�JHQH�H[SUHVVLRQ�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP���$EVWUDFW���6RFLHW\�IRU�1HXURVFLHQFH
�������������

%DWLXN��5���5�-��2UWK��.��0RRUH��:��'HQQLVRQ��-�&��6WHYHQVRQ��/��6WDYHU��9��&DUWHU��1��5\ELFNL��(�
+LFNPDQ��6��.ROODU��6��%LHEHU��3��%HUJVWURP��DQG�3��+HDVO\����������&KHVDSHDNH�%D\�VXEPHUJHG
DTXDWLF�YHJHWDWLRQ�KDELWDW�UHTXLUHPHQWV�DQG�UHVWRUDWLRQ�WDUJHWV���$�WHFKQLFDO�V\QWKHVLV��
&KHVDSHDNH�%D\�3URJUDP���$QQDSROLV��0'�

%DWWHOOH����������8QSXEOLVKHG�GDWD�FROOHFWHG�XQGHU�:RUN�$VVLJQPHQW������(3$�&RQWUDFW�1R�����&��
������75,$'6�SURJUDP�

%DWXUR��:���/��/DJDGLF��DQG�7��&DTXHW����������*URZWK��IHFXQGLW\�DQG�JO\FRJHQ�XWLOL]DWLRQ�LQ
/\PQDHD�3DOXVWULV�H[SRVHG�WR�DWUD]LQH�DQG�KH[DFKORUREHQ]HQH�LQ�IUHVKZDWHU�PHVRFRVPV��
(QYLURQ��7R[LFRO��&KHP����������������

%DXPDQQ��3�&���DQG�-�&��+DUVKEDUJHU����������'HFOLQH�LQ�OLYHU�QHRSODVPV�LQ�ZLOG�EURZQ�EXOOKHDG
FDWILVK�DIWHU�FRNLQJ�SODQW�FORVHV�DQG�HQYLURQPHQWDO�3$+V�SOXPPHW���(QYLURQ��+HDOWK�3HUVSHFW�
���������������

%HFNHU��3�+���6��6FKXKPDQQ��DQG�&��.RHSII����������+DWFKLQJ�IDLOXUH�LQ�FRPPRQ�WHUQV��6WHUQD
KLUXQGR��LQ�UHODWLRQ�WR�HQYLURQPHQWDO�FKHPLFDOV���(QYLURQ��3ROOXW����������������

%HJOH\��6���DQG�'��*OLFN���0DUFK������������7KH�HVWURJHQ�FRPSOH[���1HZVZHHN��SS��������

%pODQG��3���6��'H*XLVH��&��*LUDUG��$��/DJDFp��'��0DUWLQHDX��5��0LFKDXG��'�&�*��0XLU��5�-�
1RUVWURP��e��3HOOHWLHU��6��5D\��DQG�/�5��6KXJDUW����������7R[LF�FRPSRXQGV�DQG�KHDOWK�DQG
UHSURGXFWLYH�HIIHFWV�LQ�6W��/DZUHQFH�EHOXJD�ZKDOHV���-��*UHDW�/DNHV�5HV����������������
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%HUJHURQ��-�0���'��&UHZV��DQG�-�$��0DF/DFKODQ����������3&%V�DV�HQYLURQPHQWDO�HVWURJHQV��7XUWOH�VH[
GHWHUPLQDWLRQ�DV�D�ELRPDUNHU�RI�HQYLURQPHQWDO�FRQWDPLQDWLRQ���(QYLURQ��+HDOWK�3HUVSHFW�
���������������

%HUQ��+�$����������7KH�IUDJLOH�IHWXV���$GY��0RG��(QYLURQ��7R[LFRO����������

%LQNRZVNL��)�6���DQG�8��6KDQNDU����������7KH�UHJLRQDO�SDUWLFXODWH�PRGHO���3DUW����0RGHO�GHVFULSWLRQ
DQG�SUHOLPLQDU\�UHVXOWV���-��*HRSK\V��5HV�������������

%LUQEDXP��/�6����������(QGRFULQH�HIIHFWV�RI�SUHQDWDO�H[SRVXUH�WR�3&%V��GLR[LQV��DQG�RWKHU
[HQRELRWLFV��,PSOLFDWLRQV�IRU�SROLF\�DQG�IXWXUH�UHVHDUFK���(QYLURQ��+HDOWK�3HUVSHFW��������������

%ORRP��1�6����������2Q�WKH�FKHPLFDO�IRUP�RI�PHUFXU\�LQ�HGLEOH�ILVK�DQG�PDULQH�LQYHUWHEUDWH�WLVVXH��
&DQ��-��)LVK��$TXDW��6FL���������������

%ORRP��1�6���DQG�&�-��:DWUDV����������2EVHUYDWLRQ�RI�PHWK\OPHUFXU\�LQ�SUHFLSLWDWLRQ���6FLHQFH�7RWDO
(QYLURQ����������������

%RR]�$OOHQ�DQG�+DPLOWRQ����������&RPPHUFLDO�PDULQH�YHVVHO�FRQWULEXWLRQ�WR�HPLVVLRQ�LQYHQWRULHV��
)LQDO�UHSRUW�WR�8�6��(3$�0RWRU�9HKLFOH�(PLVVLRQ�/DERUDWRU\��$QQ�$UERU��0,���2FWREHU���������

%RXUTXH��$���$��6LQJK��$��'\NHPDQ��$��0DF0DKRQ��DQG�:��)RVWHU����������+H[DFKORUREHQ]HQH�DW
ORZ�GRVHV�SURGXFHV�OHVLRQV�LQ�QRQKXPDQ�SULPDWH�RYDU\���$EVWUDFW���([SHULHQWLD����$���

%RZHUPDQ��:�:���-�3��*LHV\��'�$��%HVW��DQG�9�-��.UDPHU����������$�UHYLHZ�RI�IDFWRUV�DIIHFWLQJ
SURGXFWLYLW\�RI�EDOG�HDJOHV�LQ�WKH�*UHDW�/DNHV�UHJLRQ��,PSOLFDWLRQV�IRU�UHFRYHU\���(QYLURQ��+HDOWK
3HUVSHFW������6XSSO����������

%R\QWRQ��:�5���-�+��*DUEHU��5��6XPPHUV��DQG�:�0��.HPS����������,QSXWV��WUDQVIRUPDWLRQV��DQG
WUDQVSRUW�RI�QLWURJHQ�DQG�SKRVSKRUXV�LQ�&KHVDSHDNH�%D\�DQG�VHOHFWHG�WULEXWDULHV���(VWXDULHV
�����������

%URFN��'�$���-��0DWVXPRWR��DQG�1��%R\G����������$�QLWURJHQ�EXGJHW�IRU�WKH�*XDGDOXSH�(VWXDU\�
7H[DV��RYHU�D�UDQJH�RI�IUHVKZDWHU�LQIORZ���&RQWULE��LQ�0DU��6FL�

%URRNV��-�0���7�/��:DGH��0�&��'HQQLFXWW��'�$��:LHVHQEXUJ��'��:LONLQVRQ��7�-��0F'RQDOG��DQG�6�-�
0F'RQDOG����������7R[LF�FRQWDPLQDQW�FKDUDFWHUL]DWLRQ�RI�DTXDWLF�RUJDQLVPV�LQ�*DOYHVWRQ�%D\��$
SLORW�VWXG\���)RU�WKH�*DOYHVWRQ�%D\�1DWLRQDO�(VWXDU\�3URJUDP���3XEOLFDWLRQ�1R��*%1(3�����
:HEVWHU��7;�

%XOORFN��2�5���-U���:�*��%HQMH\��DQG�0�+��.HDWLQJ���������LQ�SUHVV����0RGHOLQJ�RI�UHJLRQDO�VFDOH
DWPRVSKHULF�PHUFXU\�WUDQVSRUW�DQG�GHSRVLWLRQ�XVLQJ�5(/0$3���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI
FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU�HG���6RFLHW\�IRU�(QYLURQPHQWDO
7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/�

%XUNH��-���0��+R\HU��*��.HOOHU��DQG�7��6FKHUEDWVNR\����������:HW�GHSRVLWLRQ�RI�PHUFXU\�DQG�DPELHQW
PHUFXU\�FRQFHQWUDWLRQV�DW�D�VLWH�LQ�WKH�/DNH�&KDPSODLQ�%DVLQ���:DWHU�$LU�6RLO�3ROOXW��������������
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%XUNH��-�0��DQG�*�-��.HHOHU����������$WPRVSKHULF�PHUFXU\�LQ�WKH�*UHDW�/DNHV�UHJLRQ��6SDWLDO�DQG
VHDVRQDO�GLIIHUHQFHV�LQ�JDV��DQG�SDUWLFOH�SKDVH�PHUFXU\�FRQFHQWUDWLRQV���3URFHHGLQJV�RI�WKH�)RXUWK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0HUFXU\�DV�D�*OREDO�3ROOXWDQW���$XJXVW������

&DVVLG\��5�$���&�9��9RUKHHV��'�-��0LQQHPD��DQG�/��+DVWLQJV����������7KH�HIIHFWV�RI�FKORUGDQH
H[SRVXUH�GXULQJ�SUH��DQG�SRVWQDWDO�SHULRGV�DW�HQYLURQPHQWDOO\�UHOHYDQW�OHYHOV�RQ�VH[�VWHURLGV�
PHGLDWHG�EHKDYLRUV�DQG�IXQFWLRQV�LQ�WKH�UDW���7R[LFRO��$SSO��3KDUPDFRO�����������������

&HUFR��&�)���%��%XQFK��0�$��&LDORQH��DQG�+��:DQJ����������+\GURG\QDPLFV�DQG�HXWURSKLFDWLRQ
PRGHO�VWXG\�RI�,QGLDQ�5LYHU�DQG�5HKRERWK�%D\��'HODZDUH���3UHSDUHG�IRU�8�6��(3$��'HODZDUH
'15(&��DQG�8�6��$UP\�(QJLQHHU�'LVWULFW���3KLODGHOSKLD��3$�

&HUFR��&�)���DQG�7��&ROH����������$SSOLFDWLRQ�RI�WKH�WKUHH�GLPHQVLRQDO�HXWURSKLFDWLRQ�PRGHO�&(�
48$/�,&0�WR�&KHVDSHDNH�%D\���8�6��&RUSV�RI�(QJLQHHUV�:DWHUZD\V�([SHULPHQW�6WDWLRQ��
9LFNVEXUJ��06�

&KDQJ��-�6���)�6��%LQNRZVNL��1�/��6HDPDQ��'�:��%\XQ��-�1��0F+HQU\��3�-��6DPVRQ��:�5��6WRFNZHOO�
&�-��:DOFHN��6��0DGURQLFK��3�%��0LGGOHWRQ��-�(��3OHLP��DQG�+�/��/DQGVIRUG����������7KH�UHJLRQDO�DFLG
GHSRVLWLRQ�PRGHO�DQG�HQJLQHHULQJ�PRGHO��1$3$3�626�7�5HSRUW�����,Q��$FLGLF�GHSRVLWLRQ��6WDWH�RI
VFLHQFH�DQG�WHFKQRORJ\��9ROXPH�,���1DWLRQDO�$FLG�3UHFLSLWDWLRQ�$VVHVVPHQW�3URJUDP��:DVKLQJWRQ�
'�&�

&KHQ��<���DQG�&��+VX����������(IIHFWV�RI�SUHQDWDO�H[SRVXUH�WR�3&%V�RQ�WKH�QHXURORJLFDO�IXQFWLRQ�RI
FKLOGUHQ��$�QHXURSV\FKRORJLFDO�DQG�QHXURSK\VLRORJLFDO�VWXG\���'HYHORS��0HGLFLQH�DQG�&KLOG
1HXURORJ\���������������

&KHVDSHDNH�%D\�3URJUDP��&%3�����������$�VWHDG\�VWDWH�FRXSOHG�K\GURG\QDPLF�ZDWHU�TXDOLW\
PRGHO�RI�WKH�HXWURSKLFDWLRQ�DQG�DQR[LD�SURFHVVHV�LQ�&KHVDSHDNH�%D\���&KHVDSHDNH�%D\�3URJUDP
2IILFH��$QQDSROLV��0'�

&KHVDSHDNH�%D\�3URJUDP��&%3�����������7HFKQLFDO�DSSHQGL[�WR�D�FRPPLWPHQW�UHQHZHG��
UHVWRUDWLRQ�SURJUHVV�DQG�WKH�FRXUVH�DKHDG�XQGHU�WKH������%D\�$JUHHPHQW���&KHVDSHDNH�%D\
3URJUDP�2IILFH��$QQDSROLV��0'�

&KHVDSHDNH�%D\�3URJUDP��&%3�����������0HPRUDQGXP�IURP�5REHUW�3HUFLDVHSH�WR�&KHVDSHDNH�%D\
3URJUDP�SULQFLSDO�VWDII�FRPPLWWHH���6HSWHPEHU����������

&KHVDSHDNH�%D\�3URJUDP��&%3��������D���$FKLHYLQJ�WKH�&KHVDSHDNH�%D\�QXWULHQW�JRDOV��D�V\QWKHVLV
RI�WULEXWDU\�VWUDWHJLHV�IRU�WKH�%D\
V�WHQ�ZDWHUVKHGV���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

&KHVDSHDNH�%D\�3URJUDP��&%3��������E���&KHVDSHDNH�%D\�EDVLQZLGH�WR[LFV�UHGXFWLRQ�VWUDWHJ\
UHHYDOXDWLRQ�UHSRUW���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'���&%3�756��������

&KHVDSHDNH�%D\�3URJUDP��&%3��������D���$WPRVSKHULF�ORDGLQJV�WR�FRDVWDO�DUHDV��5HVROYLQJ�H[LVWLQJ
XQFHUWDLQWLHV���$�UHSRUW�RI�WKH�$WPRVSKHULF�/RDGLQJV�:RUNVKRS��-XQH��������������%DOWLPRUH��0'��
$LU�4XDOLW\�&RRUGLQDWLRQ�*URXS�DQG�6FLHQWLILF�DQG�7HFKQLFDO�$GYLVRU\�&RPPLWWHH��&KHVDSHDNH
%D\�3URJUDP�
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&KHVDSHDNH�%D\�3URJUDP��&%3��������E���6WDWH�RI�WKH�&KHVDSHDNH�%D\��������$QQDSROLV��0'�����
SS�

&KHVDSHDNH�([HFXWLYH�&RXQFLO���������������&KHVDSHDNH�%D\�$JUHHPHQW���$QQDSROLV��0'�

&KHVDSHDNH�([HFXWLYH�&RXQFLO����������&KHVDSHDNH�%D\�EDVLQZLGH�WR[LFV�UHGXFWLRQ�VWUDWHJ\��
$QQDSROLV��0'�

&KHVDSHDNH�([HFXWLYH�&RXQFLO����������&KHVDSHDNH�%D\�$JUHHPHQW������$PHQGPHQWV���$QQDSROLV�
0'�

&KHVDSHDNH�([HFXWLYH�&RXQFLO����������&KHVDSHDNH�%D\�%DVLQZLGH�7R[LFV�5HGXFWLRQ�DQG
3UHYHQWLRQ�6WUDWHJ\���$QQDSROLV��0'�����SS�

&KLQJ��-�.�6���)�6��%LQNRZVNL��DQG�2�5��%XOORFN��-U���������LQ�SUHVV����'HSRVLWLRQ�RI�VHPLYRODWLOH�WR[LF
DLU�SROOXWDQWV�WR�WKH�*UHDW�/DNHV��$�UHJLRQDO�PRGHOLQJ�DSSURDFK���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI
FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO
7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/�

&KRZGKXU\��5�$���%��9HQNDWNULVKQD��$�.��*DXWDP��DQG�'�1��*DQGKL����������/LQGDQH�LQGXFHG
FKDQJHV�LQ�HSLGLG\PLV��YDV�GHIHUHQV�DQG�VHPLQDO�YHVLFOH�LQ�UDWV�KLVWRORJLFDO�DQG�SKDUPDFRORJLFDO
VWXG\���,QG��-��3K\VLRO��	�$OOLHG�6FL����������������

&ODUN��7�/���3��%ODNHO\��DQG�*��0DSS����������0RGHO�FDOFXODWLRQV�RI�WKH�DQQXDO�DWPRVSKHULF
GHSRVLWLRQ�RI�WR[LF�PHWDOV�WR�/DNH�0LFKLJDQ�����WK�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DWHU
0DQDJHPHQW�$VVRFLDWLRQ��-XQH��������������.DQVDV�&LW\��02�

&OD\WRQ��*�'���DQG�)�(��&OD\WRQ��HGV����������3DWW\
V�LQGXVWULDO�K\JLHQH�DQG�WR[LFRORJ\���)RXUWK
HGLWLRQ���9ROXPH�,,��3DUW�(��7R[LFRORJ\���-RKQ�:LOH\�	�6RQV��,QF�

&ROERUQ��7���)�6��9RP�6DDO��DQG�$�0��6RWR����������'HYHORSPHQWDO�HIIHFWV�RI�HQGRFULQH�GLVUXSWLQJ
FKHPLFDOV�LQ�ZLOGOLIH�DQG�KXPDQV���(QYLURQ��+HDOWK�3HUVSHFW��������������

&RPED��0�(���-�/��0HWFDOIH�6PLWK��DQG�.�/�(��.DLVHU����������=HEUD�PXVVHOV�DV�ELRPRQLWRUV�IRU
RUJDQLF�FRQWDPLQDQWV�LQ�WKH�ORZHU�*UHDW�/DNHV���:DWHU�4XDO��5HV��-����������������

&RPPLWWHH�RQ�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��&(15�����������7KH�KHDOWK�DQG�HFRORJLFDO
HIIHFWV�RI�HQGRFULQH�GLVUXSWLQJ�FKHPLFDOV��$�IUDPHZRUN�IRU�SODQQLQJ���1DWLRQDO�6FLHQFH�DQG
7HFKQRORJ\�&RXQFLO���1RYHPEHU����������

&RQNR��.�0����������8QLYHUVLW\�RI�'HODZDUH��&ROOHJH�RI�0DULQH�6WXGLHV��SHUVRQDO�FRPPXQLFDWLRQ�WR
(3$�

&RQQHOO\��1�$���DQG�%��.QXWK����������*UHDW�/DNHV�ILVK�FRQVXPSWLRQ�DGYLVRULHV��$QJOHU�UHVSRQVH�WR
DGYLVRULHV�DQG�HYDOXDWLRQ�RI�FRPPXQLFDWLRQ�WHFKQLTXHV���*UHDW�/DNHV�3URWHFWLRQ�)XQG�)LQDO
5HSRUW�

&RQVWDEOH��0���DQG�3��2UU����������/HWKDO�DQG�VXE�OHWKDO�WR[LFLW\�RI�OLQGDQH�WR�3LPHSKDOHV�SURPHODV
DQG�&HULRGDSKQLD�GXELD���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������������
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&RUQHOO��6���$��5HQGHOO��DQG�5��-LFNHOOV����������$WPRVSKHULF�LQSXWV�RI�GLVVROYHG�RUJDQLF�QLWURJHQ�WR
WKH�RFHDQV���1DWXUH�������������

&RUUHOO��'�/���DQG�'��)RUG����������&RPSDULVRQ�RI�SUHFLSLWDWLRQ�DQG�ODQG�UXQRII�DV�VRXUFHV�RI
HVWXDULQH�QLWURJHQ���(VWXDU��&RDVWDO�DQG�6KHOI�6FLHQFH����������

&UHZV��'���-�0��%HUJHURQ��DQG�-�$��0DF/DFKODQ����������7KH�UROH�RI�HVWURJHQ�LQ�WXUWOH�VH[
GHWHUPLQDWLRQ�DQG�WKH�HIIHFW�RI�3&%V���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO����������

'DQD��0�7���DQG�:�*�1��6OLQQ����������$FLGLF�GHSRVLWLRQ�GLVWULEXWLRQ�DQG�HSLVRGH�VWDWLVWLFV�IURP�WKH
0$3�6�QHWZRUN�GDWDEDVH���$WPRV��(QYLURQ�������������

'H�*XLVH��6���'��0DUWLQHDX��3��%pODQG��DQG�0��)RXUQLHU����������3RVVLEOH�PHFKDQLVPV�RI�DFWLRQ�RI
HQYLURQPHQWDO�FRQWDPLQDQWV�RQ�6W��/DZUHQFH�EHOXJD�ZKDOHV��'HOSKLQDSWHUXV�OHXFDV����(QYLURQ�
+HDOWK�3HUVSHFW������6XSSO�����������

'H�9DXOW��'�6���3��%HUWUDP��'�0��:KLWWOH��DQG�6��5DQJ����������7KH������6WDWH�RI�WKH�/DNHV
(FRV\VWHP�&RQIHUHQFH��6�2�/�(�&��%DFNJURXQG�3DSHU��7R[LF�FRQWDPLQDQWV���(QYLURQPHQW�&DQDGD
DQG�8�6��(3$���(3$�����5��������

'H�9DXOW��'�6���5��+HVVHOEHUJ��3�:��5RGJHUV��DQG�7�-��)HLVW����������&RQWDPLQDQW�WUHQGV�LQ�ODNH�WURXW
DQG�ZDOOH\H�IURP�WKH�/DXUHQWLDQ�*UHDW�/DNHV���-��*UHDW�/DNHV�5HV����������������

'HODZDUH�%D\V�1(3���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

'HQQLV��5�/���:�5��%DUFKHW��7�/��&ODUN��DQG�6�.��6HLONRS����������(YDOXDWLRQ�RI�UHJLRQDO�DFLG
GHSRVLWLRQ�PRGHOV��SDUW�����1$3$3�626�7�5HSRUW�����,Q��$FLGLF�GHSRVLWLRQ��6WDWH�RI�VFLHQFH�DQG
WHFKQRORJ\���1DWLRQDO�$FLG�3UHFLSLWDWLRQ�$VVHVVPHQW�3URJUDP��:DVKLQJWRQ��'�&���6HSWHPEHU������

'HQQLV��5�/���������LQ�SUHVV����8VLQJ�WKH�5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO�WR�GHWHUPLQH�WKH�QLWURJHQ
GHSRVLWLRQ�DLUVKHG�RI�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV
WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

'HQQLVRQ��:�&���5�-��2UWK��.�$��0RRUH��-�&��6WHYHQVRQ��9��&DUWHU��6��.ROODU��3�:��%HUJVWURP��DQG
5�$��%DWLXN����������$VVHVVLQJ�ZDWHU�TXDOLW\�ZLWK�VXEPHUVHG�DTXDWLF�YHJHWDWLRQ��+DELWDW
UHTXLUHPHQWV�DV�EDURPHWHUV�RI�&KHVDSHDNH�%D\�KHDOWK���%LRVFLHQFH�������������

'HZDLOO\��(���-�-��5\DQ��&��/DOLEHUWp��6��%UXQHDX��-�3�:HEHU��6��*LQJUDV��DQG�*��&DUULHU���������
([SRVXUH�RI�UHPRWH�PDULWLPH�SRSXODWLRQV�WR�FRSODQDU�3&%V���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO
�����������

'LFNPDQ��0���,��%ULQGOH��DQG�0��%HQVRQ����������(YLGHQFH�RI�WHUDWRJHQV�LQ�VHGLPHQWV�RI�WKH�1LDJDUD
5LYHU�ZDWHUVKHG�DV�UHIOHFWHG�E\�FKLURQRPLG��'LSWHUD��&KLURQRPLGDH��GHIRUPLWLHV���-��*UHDW�/DNHV
5HV����������������

'L3LQWR��/�0���%�&��&RXOO��DQG�*�7��&KDQGOHU����������/HWKDO�DQG�VXEOHWKDO�HIIHFWV�RI�WKH�VHGLPHQW
DVVRFLDWHG�3&%�$URFORU��������(QYLURQ��7R[LFRO��&KHP�������������������
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'L7RUR��'�0���DQG�-�-��)LW]SDWULFN����������&KHVDSHDNH�%D\�VHGLPHQW�IOX[�PRGHO���8�6��$UP\�&RUSV
RI�(QJLQHHUV�:DWHUZD\V�([SHULPHQW�6WDWLRQ���9LFNVEXUJ��06�

'RQLJLDQ��$�6���-U���%�5��%LFNQHOO��/�&��/LQNHU��-��+DQQDZDOG��&�+��&KDQJ��DQG�5��5H\QROGV���������
:DWHUVKHG�PRGHO�DSSOLFDWLRQ�WR�FDOFXODWH�%D\�QXWULHQW�ORDGLQJV��3KDVH�,�ILQGLQJV�DQG
UHFRPPHQGDWLRQV���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

'RQLJLDQ��$�6���-U���%�5��%LFNQHOO��$�6��3DWZDUGKDQ��/�&��/LQNHU��&�+��&KDQJ��DQG�5��5H\QROGV���������
:DWHUVKHG�PRGHO�DSSOLFDWLRQ�WR�FDOFXODWH�%D\�QXWULHQW�ORDGLQJV��)LQDO�ILQGLQJV�DQG
UHFRPPHQGDWLRQV���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

'RXVW��/�/���-�/��'RXVW��DQG�0��%LHUQDFNL����������$PHULFDQ�ZLOGFHOHU\��9DOOLVQHULD�DPHULFDQD�DV�D
ELRPRQLWRU�RI�RUJDQLF�FRQWDPLQDQWV�LQ�DTXDWLF�HFRV\VWHPV���-��*UHDW�/DNHV�5HV����������������

'ULVFROO��&�7���&��<DQ��&�/��6FKRILHOG��5��0XQVRQ��DQG�-��+ROVDSSOH����������7KH�PHUFXU\�F\FOH�DQG
ILVK�LQ�$GLURQGDFN�ODNHV���(QYLURQ��6FL��7HFKQRO��������$����$�

'XFH��5�$���3�6��/LVV��-�7��0HUULOO��(�/��$WODV��3��%XDW�0HQDUG��%�%��+LFNV��-�0��0LOOHU��-�0��3URVSHUR�
5��$ULPRWR��7�0��&KXUFK��:��(OOLV��-�1��*DOORZD\��/��+DQVHQ��7�'��-LFNQHOOV��$�+��.QDS��.�+�
5HLQKDUGW��%��6FKHLGHU��$��6RXGLQH��-�-��7RNRV��6��7VXQRJDL��5��:ROODVW��DQG�0��=KRX����������7KH
DWPRVSKHULF�LQSXW�RI�WUDFH�VSHFLHV�WR�WKH�ZRUOG�RFHDQ���*OREDO�%LRJHRFKHP��&\FOHV�����������

'XQLHU��0���DQG�$�.��6LZLFNL����������(IIHFWV�RI�OLQGDQH�H[SRVXUH�RQ�UDLQERZ�WURXW��2QFRUK\QFKXV
P\NLVV��LPPXQLW\���,��(IIHFW�RI�/LQGDQH�RQ�DQWLERG\�VHFUHWLQJ�FHOOV��$6&��PHDVXUHG�E\�(/,6327
DVVD\���(FRWR[��	�(QYLU��6DIHW\��������

'XQLHU��0���$�.��6LZLFNL��-��6FKROWHQV��6��'DO�0ROLQ��&��9HUJQHW��DQG�0��6WXGQLFND����������(IIHFWV�RI
OLQGDQH�H[SRVXUH�RQ�UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV��LPPXQLW\���,,,��(IIHFW�RQ�QRQVSHFLILF
LPPXQLW\�DQG�%�O\PSKRF\WH�IXQFWLRQV���(FRWR[��	�(QYLU��6DIHW\������������

(DVW�&RDVW�$WPRVSKHULF�5HVRXUFH�$OOLDQFH��(&$5$�����������$LUVKHGV�DQG�:DWHUVKHGV���7KH�UROH�RI
DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ���$�UHSRUW�RI�WKH�6KDUHG�5HVRXUFHV�:RUNVKRS��2FWREHU�������
�������:DUUHQWRQ��9$��

(GHU��%�.���'�+��&RYHQWU\��7�/�&ODUN��DQG�&�(��%ROOLQJHU����������5(/0$3��$�UHJLRQDO�/DJUDQJLDQ
PRGHO�RI�DLU�SROOXWLRQ���XVHU
V�JXLGH���)LQDO�3URMHFW�5HSRUW���8�6��(3$��5HVHDUFK�7ULDQJOH�3DUN��1&��
(3$��������������

(LVHQUHLFK��6�-���DQG�:�0�-��6WUDFKDQ����������(VWLPDWLQJ�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�VXEVWDQFHV
WR�WKH�*UHDW�/DNHV���$Q�XSGDWH���5HSRUW�RQ�D�ZRUNVKRS�KHOG�DW�WKH�&DQDGD�&HQWUH�IRU�,QODQG
:DWHUV��-DQXDU\����)HEUXDU\����������%XUOLQJWRQ��2QWDULR���6SRQVRUHG�E\�WKH�*UHDW�/DNHV
3URWHFWLRQ�)XQG�DQG�(QYLURQPHQW�&DQDGD�

(LVHQUHLFK��6�-���.�&��+RUQEXFNOH��DQG�'�5��$FKPDQ���������LQ�SUHVV����$LU�ZDWHU�H[FKDQJH�RI
VHPLYRODWLOH�RUJDQLF�FKHPLFDOV�LQ�WKH�*UHDW�/DNHV���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR
WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���
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(LVOHU��5����������&DGPLXP�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK
DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������D���3RO\FKORULQDWHG�ELSKHQ\O�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF
UHYLHZ���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������E���'LR[LQ�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK
DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������D���0HUFXU\�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK
DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������E���3RO\F\FOLF�DURPDWLF�K\GURFDUERQ�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$
V\QRSWLF�UHYLHZ���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5����������/HDG�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK�DQG
:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5����������&KORUGDQH�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6�
)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5���DQG�-��-DFNQRZ����������7R[DSKHQH�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF
UHYLHZ���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(QJVWURP��'�5���(�%��6ZDLQ��7�$��+HQQLQJ��0�(��%ULJKDP��DQG�3�/��%UH]RQLFN����������$WPRVSKHULF
PHUFXU\�GHSRVLWLRQ�WR�ODNHV�DQG�ZDWHUVKHGV��$�TXDQWLWDWLYH�UHFRQVWUXFWLRQ�IURP�PXOWLSOH
VHGLPHQW�FRUHV���,Q��(QYLURQPHQWDO�&KHPLVWU\�RI�/DNHV�DQG�5HVHUYRLUV��-�(��%DNHU��HG��������

(QVRU��.�/���'�'��+HOZLJ��DQG�/�&��:HPPHU����������(QYLURQPHQWDO�PHUFXU\�DQG�OHDG�LQ
0LQQHVRWD�FRPPRQ�ORRQV��*DYLD�LPPHU����0LQQHVRWD�3ROOXWLRQ�&RQWURO�$JHQF\��:DWHU�4XDOLW\
'LYLVLRQ��6W��3DXO��01�

(QYLURQPHQW�&DQDGD�DQG�8�6��(3$����������6WDWH�RI�WKH�/DNHV�(FRV\VWHP�&RQIHUHQFH�
����62/(&���
&RQIHUHQFH�3URFHHGLQJV���1RYHPEHU�������������:LQGVRU��2QWDULR��&DQDGD�
�
(QYLURQPHQW�&DQDGD�DQG�8�6��(3$����������6WDWH�RI�WKH�*UHDW�/DNHV��������%\�WKH�*RYHUQPHQWV�RI
WKH�8QLWHG�6WDWHV�RI�$PHULFD�DQG�&DQDGD���(3$�����5����������-XO\������

(QYLURQPHQW�&DQDGD��'HSDUWPHQW�RI�)LVKHULHV�DQG�2FHDQV��DQG�+HDOWK�DQG�:HOIDUH�&DQDGD��
�������7R[LF�FKHPLFDOV�LQ�WKH�*UHDW�/DNHV�DQG�DVVRFLDWHG�HIIHFWV���7RURQWR��2QWDULR�

(ULNVVRQ��3���-��$KOERP��DQG�$��)UHGULNVVRQ����������([SRVXUH�WR�''7�GXULQJ�D�GHILQHG�SHULRG�LQ
QHRQDWDO�OLIH�LQGXFHV�SHUPDQHQW�FKDQJHV�LQ�EUDLQ�UHFHSWRUV�DQG�EHKDYLRU�LQ�DGXOW�PLFH���%UDLQ�5HV�
���������������

(ULNVVRQ��3���8��-RKDQVVRQ��-��$KOERP��DQG�$��)UHGULNVVRQ����������1HRQDWDO�H[SRVXUH�WR�''7
LQGXFHV�LQFUHDVHG�VXVFHSWLELOLW\�WR�S\UHWKURLG�H[SRVXUH�DW�DGXOW�DJH���&KDQJHV�LQ�FKROLQHUJLF
PXVFDULQLF�UHFHSWRU�DQG�EHKDYLRUDO�YDULDEOHV���7R[LFRORJ\���������������
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)DFHPLUH��&�)���7�6��*URVV��DQG�/�-��*XLOOHWWH��-U����������5HSURGXFWLYH�LPSDLUPHQW�LQ�WKH�)ORULGD
SDQWKHU��1DWXUH�RU�QXUWXUH"��(QYLURQ��+HDOWK�3HUVSHFW������6XSSO����������

)DOFRQHU��5�/���7�)��%LGOHPDQ��DQG�:�(��&RWKDP����������3UHIHUHQWLDO�VRUSWLRQ�RI�QRQ��DQG�PRQR�
RUWKR�SRO\FKORULQDWHG�ELSKHQ\OV�WR�XUEDQ�DHURVROV���(QYLURQ��6FL��7HFKQRO���������������

)HGOHU��$�-���DQG�'�0��1LFNXP����������7KH������HFRQRPLF�LPSDFW�RI�VSRUW�ILVKLQJ�LQ�WKH�8QLWHG
6WDWHV���3UHSDUHG�IRU�WKH�6SRUW�)LVKLQJ�,QVWLWXWH��6),��

)HUUDQGR��0�'���(��6DQFKR��DQG�(��$QGUHX�0ROLQHU����������(IIHFWV�RQ�OLQGDQH�RQ�'DSKQLD�PDJQD
GXULQJ�FKURQLF�H[SRVXUH���(QYLURQ��6FL��+HDOWK�%��������������

)LVKHU��'�&���DQG�0��2SSHQKHLPHU����������$WPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�DQG�WKH�&KHVDSHDNH
%D\�HVWXDU\���$PELR������������

)LVKHU��'�&���-��&HUDVR��7��0DWKHZ��DQG�0��2SSHQKHLPHU����������3ROOXWHG�FRDVWDO�ZDWHUV��7KH�UROH
RI�DFLG�UDLQ���(QYLURQPHQWDO�'HIHQVH�)XQG��1HZ�<RUN�

)LWFKNR��-����������/LWHUDWXUH�UHYLHZ�RI�WKH�HIIHFWV�RI�SHUVLVWHQW�WR[LF�VXEVWDQFHV�RQ�*UHDW�/DNHV
ELRWD��5HSRUW�RI�WKH�+HDOWK�RI�$TXDWLF�&RPPXQLWLHV�7DVN�)RUFH���,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ�
*UHDW�/DNHV�5HJLRQDO�2IILFH���:LQGVRU��2QWDULR�

)LW]JHUDOG��(�)���*��+ZDQJ��.�$��%UL[��%��%XVK��DQG�-��4XLQQ����������&KHPLFDO�FRQWDPLQDWLRQ�LQ�WKH
PLON�RI�0RKDZN�ZRPHQ�IURP�$NZHVDVQH���1HZ�<RUN�6WDWH�'HSDUWPHQW�RI�+HDOWK��$OEDQ\��1HZ
<RUN�

)LW]JHUDOG��:�)���5�3��0DVRQ��DQG�*�0��9DQGDO����������$WPRVSKHULF�F\FOLQJ�DQG�DLU�ZDWHU
H[FKDQJH�RI�PHUFXU\�RYHU�PLG�FRQWLQHQWDO�ODFXVWULQH�UHJLRQV���:DWHU�$LU�6RLO�3ROOXW�������������

)OLSR��'���-��%HUQLHU��'��*LUDUG��.��.U\VW\QLDN��DQG�0��)RXUQLHU����������&RPELQHG�HIIHFWV�RI�VHOHFWHG
LQVHFWLFLGHV�RQ�KXPRUDO�LPPXQH�UHVSRQVH�LQ�PLFH���,QW��-��,PPXQRSKDUPDF����������������

)ORULGD�3DQWKHU�,QWHUDJHQF\�&RPPLWWHH��)3,&�����������0HUFXU\�FRQWDPLQDWLRQ�LQ�)ORULGD�SDQWKHUV��
6WDWXV�UHSRUW�RI�WKH�WHFKQLFDO�VXEFRPPLWWHH�

)ORXULRW��*���)��3DNGHO��%��'XFRXUHW��DQG�<��9DORWDLUH����������,QIOXHQFH�RI�[HQRELRWLFV�RQ�UDLQERZ
WURXW�OLYHU�HVWURJHQ�UHFHSWRU�DQG�YLWHOORJHQLQ�JHQH�H[SUHVVLRQ���-��0RO��(QGRFULQRO����������������

)ROPDU��/�&���1�'��'HQVORZ��9��5DR��0��&KRZ��'�$��&UDLQ��-��(QEORP��-��0DUFLQR��DQG�/�-��*XLOOHWWH�
-U����������9LWHOORJHQLQ�LQGXFWLRQ�DQG�UHGXFHG�VHUXP�WHVWRVWHURQH�FRQFHQWUDWLRQV�LQ�IHUDO�PDOH�FDUS
�&\USLQXV�FDUSLR��FDSWXUHG�QHDU�D�PDMRU�PHWURSROLWDQ�VHZDJH�WUHDWPHQW�SODQW���(QYLURQ��+HDOWK
3HUVSHFW��������������������

)RVWHU��*�'����������*HRUJH�0DVRQ�8QLYHUVLW\��'HSW��RI�&KHPLVWU\���3HUVRQDO�FRPPXQLFDWLRQ�WR
(3$�

)RVWHU��:�*���$��0F0DKRQ��DQG�'�&��9LOOHQHXYH�������D���+&%�VXSSUHVVHV�FLUFXODWLQJ�SURJHVWHURQH
FRQFHQWUDWLRQV�GXULQJ�WKH�OXWHDO�SKDVH�LQ�WKH�F\QRPROJXV�PRQNH\���-��$SSO��7R[LFRO��������������
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)RVWHU��:�*���-�$��3HQWLFN��$��0F0DKRQ��DQG�3�5��/HFDYDOLHU�������E���2YDULDQ�WR[LFLW\�RI�+&%�LQ�WKH
VXSHURYXODWHG�IHPDOH�UDW���-��%LRFKHP��7R[LFRORJ\����������

)RZOHU��'���DQG�-�1��&DSH����������2Q�WKH�HSLVRGLF�QDWXUH�RI�ZHW�GHSRVLWHG�VXOIDWH�DQG�DFLGLW\��
$WPRV��(QYLURQ���������������

)R[��*����������:KDW�KDYH�ELRPDUNHUV�WROG�XV�DERXW�WKH�HIIHFWV�RI�FRQWDPLQDQWV�RQ�WKH�KHDOWK�RI
ILVK�HDWLQJ�ELUGV�LQ�WKH�*UHDW�/DNHV"�7KH�WKHRU\�DQG�D�OLWHUDWXUH�UHYLHZ���-��*UHDW�/DNHV�5HV�
��������������

)ULWKVHQ��-�%���6�3��6FKUHLQHU��'�(��6WUHEHO��5�0��/DOMDQL��'�7��/RJDQ��DQG�+�:��=DUERFN�������D��
&KHPLFDO�FRQWDPLQDQWV�LQ�WKH�7DPSD�%D\�(VWXDU\��$�VXPPDU\�RI�GLVWULEXWLRQV�DQG�LQSXWV���)LQDO
5HSRUW�IRU�WKH�7DPSD�%D\�(VWXDU\�3URJUDP���3UHSDUHG�E\�9HUVDU�,QF���&ROXPELD��0'�DQG�&RDVWDO
(QYLURQPHQWDO��,QF���6W��3HWHUVEXUJ��)/�

)ULWKVHQ��-�%���'�(��6WUHEHO��6��6FKUHLQHU��DQG�7��6FKDZLWVFK�������E���(VWLPDWHV�RI�FRQWDPLQDQW
LQSXWV�WR�WKH�'HODZDUH�(VWXDU\���3UHSDUHG�IRU�WKH�'HODZDUH�(VWXDU\�3URJUDP��8�6��(3$�
3KLODGHOSKLD��3$���3UHSDUHG�E\�9HUVDU�,QF���&ROXPELD��0'�

*DOD��:�5���DQG�-�3��*LHV\����������3KRWR�LQGXFHG�WR[LFLW\�RI�DQWKUDFHQH�WR�WKH�*UHHQ�$OJD�
6HOHQDVWUXP�FDSULFRUQXWXP���$UFK��(QYLURQ��&RQWDLQ��7R[LFRO�������������

*DOORZD\��-�1����������7KH�GHSRVLWLRQ�RI�VXOIXU�DQG�QLWURJHQ�IURP�WKH�UHPRWH�DWPRVSKHUH���,Q�
%LRJHRFKHPLFDO�F\FOLQJ�RI�VXOIXU�DQG�QLWURJHQ�LQ�WKH�UHPRWH�DWPRVSKHUH��-�1��*DOORZD\��5�-�
&KDUOVRQ��0�2��$QGUHDH��DQG�+��5DGNH��HGV���'RUGUHFKW��1HWKHUODQGV��'��5HLGHO�3XEOLVKLQJ�&R�����
���

*DW]��'�)���&�:��6ZHHW��,��%DVX��6��9HUPHWWH��.��+DUOLQ��DQG�6��%DXHU����������*UHDW�/DNHV�,QWHJUDWHG
$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1���'DWD�5HSRUW�������������6:6�0LVFHOODQHRXV�3XEOLFDWLRQ
�����,OOLQRLV�6WDWH�:DWHU�6XUYH\��&KDPSDLJQ��,/�

*H\HU��+�-���,��6FKHXQHUW��5��%UXJJHPDQQ��0��0DWWKLHV��&�(�:��6WHLQEHUJ��9��=LWNR��$��.HWWUXS��DQG
:��*DUULVRQ����������7KH�UHOHYDQFH�RI�DTXDWLF�RUJDQLVPV
�OLSLG�FRQWHQW�WR�WKH�WR[LFLW\�RI�OLSRSKLOLF
FKHPLFDOV��7R[LFLW\�RI�OLQGDQH�WR�GLIIHUHQW�ILVK�VSHFLHV���(FRWR[��	�(QYLU��6DIHW\����������

*H\HU��+�-���&�(��6WHLQEHUJ��,��6FKHXQHUW��5��%UXJJHPDQQ��:��6FKXW]��$��.HWWUXS��DQG�.��5R]PDQ��
�������$�UHYLHZ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�DFXWH�WR[LFLW\��/& ��RI�JDPPDKH[DFKORURF\FORKH[DQH��

�JDPPD�+&+��/LQGDQH��DQG�WRWDO�OLSLG�FRQWHQW�RI�GLIIHUHQW�ILVK�VSHFLHV���7R[LFRORJ\������������

*LOEHUW��0�(���DQG�&�0��0DFN����������6HL]XUH�WKUHVKROGV�LQ�NLQGOHG�DQLPDOV�DUH�UHGXFHG�E\�WKH
SHVWLFLGHV�OLQGDQH�DQG�HQGRVXOIDQ���1HXURWR[LFRO��7HUDWRO����������������

*ODVVPH\HU��6�7���'�6��'H�9DXOW��7�5��0\HUV��DQG�5�$��+LWHV����������7R[DSKHQH�LQ�*UHDW�/DNHV�ILVK�
$�WHPSRUDO��VSDWLDO��DQG�WURSKLF�VWXG\���(QYLURQ��6FL��7HFKQRO�����������

*RGEROG��'�/����������0HUFXU\�LQGXFHG�URRW�GDPDJH�LQ�VSUXFH�VHHGOLQJV���:DWHU�$LU�6RLO�3ROOXW�
�����������
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*RGIUH\��-�7���*�'��)RVWHU��DQG�.�$��/LSSD����������(VWLPDWHG�DQQXDO�ORDGV�RI�VHOHFWHG�RUJDQLF
FRQWDPLQDQWV�WR�&KHVDSHDNH�%D\�YLD�D�PDMRU�WULEXWDU\�

*ROGH\��(�6���DQG�'�+��7D\ORU����������'HYHORSPHQWDO�QHXURWR[LFLW\�IROORZLQJ�SUHPDWLQJ�PDWHUQDO
H[SRVXUH�WR�KH[DFKORUREHQ]HQH�LQ�UDWV���1HXURWR[LFRO��7HUDWRO�����������

*RORPE��'���'��5\DQ��1��(E\��-��8QGHUKLOO��DQG�7��:DGH����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
PHWDOV�DQG�SRO\DURPDWLF�K\GURFDUERQV�RQWR�0DVVDFKXVHWWV�%D\���'UDIW���0DVVDFKXVHWWV�%D\V
3URJUDP�2IILFH��%RVWRQ��0$�

*RSDO��.���0��$QDQG��5�1��.KDQQD��'��$JDUZDO��*�6�'��*XSWD��DQG�.��6KDQNHU����������6RPH
QHXURWR[LFRORJLFDO�FRQVHTXHQFHV�RI�KH[DFKORURF\FORKH[DQH��+&+��VWUHVV�LQ�UDWV�IHG�RQ�SURWHLQ
GHILFLHQW�GLHW���7R[LFRO��(QYLURQ��&KHP����������������

*RU]HOVND��.���-�5��6FXGODUN��DQG�:�&��.HHQH���������LQ�SUHVV����'LVVROYHG�RUJDQLF�QLWURJHQ�LQ�WKH
DWPRVSKHULF�HQYLURQPHQW���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG
FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/�

*RYHUQPHQW�RI�&DQDGD����������3ULRULW\�VXEVWDQFHV�OLVW�DVVHVVPHQW�UHSRUW���+H[DFKORUREHQ]HQH��
&DQDGLDQ�(QYLURQPHQWDO�3URWHFWLRQ�$FW���2WWDZD��2QWDULR������SS�

*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH��*/132�����������'UDIW�RSWLRQV�SDSHU��9LUWXDO�HOLPLQDWLRQ�RI
PHUFXU\���9LUWXDO�(OLPLQDWLRQ�3URMHFW��*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH���-XQH������

*XLOOHWWH��-U���/�-���7�6��*URVV��*�5��0DVVRQ��-�0��0DWWHU��+�)��3HUFLYDO��DQG�$�5��:RRGZDUG���������
'HYHORSPHQWDO�DEQRUPDOLWLHV�RI�WKH�JRQDG�DQG�DEQRUPDO�VH[�KRUPRQH�FRQFHQWUDWLRQV�LQ�MXYHQLOH
DOOLJDWRUV�IURP�FRQWDPLQDWHG�DQG�FRQWURO�ODNHV�LQ�)ORULGD���(QYLURQ��+HDOWK��3HUVSHFW�������������
����

*XLOOHWWH��-U���/�-���7�6��*URVV��'�$��*URVV��$�$��5RRQH\��DQG�+�)��3HUFLYDO����������*RQDGDO
VWHURLGRJHQHVLV�LQ�YLWUR�IURP�MXYHQLOH�DOOLJDWRUV�REWDLQHG�IURP�FRQWDPLQDWHG�RU�FRQWURO�ODNHV��
(QYLURQ��+HDOWK�3HUVSHFW������6XSSO�����������

*XLOOHWWH��-U���/�-���'�%��3LFNIRUG��'�$��&UDLQ��$�$��5RRQH\��DQG�+�)��3HUFLYDO����������5HGXFWLRQ�LQ
SHQLV�VL]H�DQG�SODVPD�FRQFHQWUDWLRQV�LQ�MXYHQLOH�DOOLJDWRUV�OLYLQJ�LQ�D�FRQWDPLQDWHG�HQYLURQPHQW��
*HQHUDO�DQG�&RPSDUDWLYH�(QGRFULQRORJ\�����������

*XR��<�/��7�-��/DL��6�+��-X��<�&��&KHQ��DQG�&�&��+VX����������6H[XDO�GHYHORSPHQWV�DQG�ELRORJLFDO
ILQGLQJV�LQ�<XFKHQJ�FKLOGUHQ���'LR[LQ�
������WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&KORULQDWHG�DQG
5HODWHG�&RPSRXQGV��6HSWHPEHU�������9LHQQD��$XVWULD��YRO������������

+DIIQHU��*�'����������([SRVXUH�G\QDPLFV�RI�RUJDQLF�FRQWDPLQDQWV�LQ�WKH�ZHVWHUQ�EDVLQ�RI�/DNH
(ULH���*UHDW�/DNHV�5HVHDUFK�5HYLHZ�������������

+DUWLJDQ��-�3����������&KHVDSHDNH�%D\�%DVLQ�0RGHO���)LQDO�5HSRUW���3UHSDUHG�E\�WKH�1RUWKHUQ
9LUJLQLD�3ODQQLQJ�'LVWULFW�&RPPLVVLRQ�IRU�WKH�8�6��(3$�&KHVDSHDNH�%D\�3URJUDP���&KHVDSHDNH
%D\�3URJUDP�2IILFH��$QQDSROLV��0'�
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+HLQ]��*�+���6�1��:LHPH\HU��'�5��&ODUN��-U���3��$OEHUV��3��+HQU\��DQG�5��%DWLXN����������6WDWXV�DQG
DVVHVVPHQW�RI�&KHVDSHDNH�%D\�ZLOGOLIH�FRQWDPLQDWLRQ���3DWX[HQW�:LOGOLIH�5HVHDUFK�&HQWHU��/DXUHO
0'���8�6��(3$��&KHVDSHDNH�%D\�3URJUDP���&%3�756�������

+HO]��*�5���DQG�5�-��+XJJHWW����������&RQWDPLQDQWV�LQ�&KHVDSHDNH�%D\��7KH�UHJLRQDO�SHUVSHFWLYH��
,Q��&RQWDPLQDQW�3UREOHPV�DQG�0DQDJHPHQW�RI�/LYLQJ�&KHVDSHDNH�%D\�5HVRXUFHV��6�.��0DMXPGDU�
/�:��+DOO�-U���DQG�+�0��$XVWLQ��HGV���3HQQV\OYDQLD�$FDGHP\�RI�6FLHQFH��+DUULVEXUJ��3$�

+HQVKHO��'�6���-�:��0DUWLQ��5��1RUVWURP��3��:KLWHKHDG��-�'��6WHHYHV��DQG�.�0��&KHQJ���������
0RUSKRPHWULF�DEQRUPDOLWLHV�LQ�EUDLQV�RI�JUHDW�EOXH�KHURQ�KDWFKOLQJV�H[SRVHG�LQ�WKH�ZLOG�WR
3&''V���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO�����������

+HUPVHQ��:���,��6LPV��DQG�0��&UDQH����������7KH�ELRDYDLODELOLW\�DQG�WR[LFLW\�WR�0\WLOXV�HGXOLV�/��RI
WZR�RUJDQRFKORULQH�SHVWLFLGHV�DGVRUEHG�WR�VXVSHQGHG�VROLGV���0DULQH�(QYLURQ��5HV�����������

+LOHPDQ��%���-DQ�������������(QYLURQPHQWDO�HVWURJHQV�OLQNHG�WR�UHSURGXFWLYH�DEQRUPDOLWLHV��FDQFHU��
&KHP��(QJ��1HZV�������������

+LOO��6�'���DQG�/��1HOVRQ����������/LQGDQH��������������KH[DFKORURF\FORKH[DQH��DIIHFWV
PHWDPRUSKRVLV�DQG�VHWWOHPHQW�RI�ODUYDH�RI�&DSLWHOOD�VSHFLHV�,��$QQHOLGD��3RO\FKDHWD����%LRO��%XOO�
������������

+LOOHU\��%�5���5�0��+RII��DQG�5�$��+LWHV���������LQ�SUHVV����$WPRVSKHULF�FRQWDPLQDQW�GHSRVLWLRQ�WR
WKH�*UHDW�/DNHV�GHWHUPLQHG�IURP�WKH�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN���,Q�
$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG��
6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

+LQJD��.�5���$�$��.HOOHU��DQG�&�$��2YLDWW����������$WPRVSKHULF�GHSRVLWLRQ�DQG�QLWURJHQ�LQSXWV�WR
FRDVWDO�ZDWHUV���$PELR������������

+RII��5�0���'�&�*��0XLU��1�3��*ULIW��DQG�.�$��%ULFH����������0HDVXUHPHQW�RI�3&&V�LQ�DLU�LQ�6RXWKHUQ
2QWDULR���&KHPRVSKHUH��������������

+RII��5�0���DQG�.�$��%ULFH����������$WPRVSKHULF�GU\�GHSRVLWLRQ�RI�3$+V�DQG�WUDFH�PHWDOV�WR�/DNH
2QWDULR�DQG�/DNH�+XURQ���,Q��3URFHHGLQJV�RI�WKH���WK�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DVWH
0DQDJHPHQW�$VVRFLDWLRQ��3LWWVEXUJK��3$�

+RII��5�0���:�0�-��6WUDFKDQ��&�:��6ZHHW��'�)��*DW]��.��+DUOLQ��0��6KDFNOHWRQ��6��&XVVLRQ��&�+�
&KDQ��.�$��%ULFH��:�+��6KURHGHU��DQG�7�)��%LGOHPDQ����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
FKHPLFDOV�WR�WKH�*UHDW�/DNHV��$�UHYLHZ�RI�GDWD�WKURXJK��������$WPRV��(QYLURQ�������������������

+RIIPDQ��'�-���*�-��6PLWK��DQG�%�$��5DWWQHU����������%LRPDUNHUV�RI�FRQWDPLQDQW�H[SRVXUH�LQ
FRPPRQ�WHUQV�DQG�EODFN�FURZQHG�QLJKW�KHURQV�LQ�WKH�*UHDW�/DNHV���(QYLURQ��7R[LFRO��&KHP�
����������������

+ROODGD\��6�'���DQG�0�,��/XVWHU����������'HYHORSPHQWDO�LPPXQRWR[LFRORJ\���'HYHORSPHQWDO
7R[LFRORJ\���QG�HG���������
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+ROVHQ��7�0���.�(��1ROO��6��/LX��DQG�:��/HH����������'U\�GHSRVLWLRQ�RI�3&%V�LQ�XUEDQ�DUHDV���(QYLURQ�
6FL��7HFKQRO���������������

+RYLQJD��0�(���0��6RZHUV��DQG�+�(�%��+XPSKUH\����������(QYLURQPHQWDO�H[SRVXUH�DQG�OLIHVW\OH
SUHGLFWRUV�RI�OHDG��FDGPLXP��3&%��DQG�''7�OHYHOV�LQ�*UHDW�/DNHV�ILVK�HDWHUV���$UFK��(QYLURQ�
+HDOWK��������������

+RZDUG��3�+���HG����������+DQGERRN�RI�HQYLURQPHQWDO�IDWH�DQG�H[SRVXUH�GDWD�IRU�RUJDQLF
FKHPLFDOV���9ROXPH�,,,��3HVWLFLGHV���/HZLV�3XEOLVKHUV��&KHOVHD��0,�

+RZGZVKHOO��0�-���DQG�5�$��+LWHV����������+LVWRULFDO�LQSXW�DQG�GHJUDGDWLRQ�RI�WR[DSKHQH�LQ�/DNH
2QWDULR�VHGLPHQWV���(QYLURQ��6FL��7HFKQRO����������������

+R\HU��0���-��%XUNH��DQG�*�-��.HHOHU����������$WPRVSKHULF�VRXUFHV��WUDQVSRUW�DQG�GHSRVLWLRQ�RI
PHUFXU\�LQ�0LFKLJDQ��7ZR�\HDUV�RI�HYHQW�SUHFLSLWDWLRQ���:DWHU�$LU�6RLO�3ROOXW�������������

+XJJHWW��5�-���3�$��9DQ�1HOG��&�/��6PLWK��:�-��+DUJLV��:�.��9ROJHOEHLQ��DQG�%�$��:HHNV����������7KH
HIIHFWV�RI�FRQWDPLQDWHG�VHGLPHQWV�LQ�WKH�(OL]DEHWK�5LYHU���,Q��6HGLPHQW�7R[LFLW\�$VVHVVPHQW��*�$�
%XUWRQ��HG���%RFD�5DWRQ��)/��/HZLV�3XEOLVKHUV���������

+XJKHV��5�$����������3HUVLVWHQFH�RI�WR[DSKHQH�LQ�QDWXUDO�ZDWHUV���0�6��WKHVLV��ZDWHU�FKHPLVWU\
SURJUDP��8QLY��RI�:LVFRQVLQ��0DGLVRQ��:,�

+XVHPDQ��&�$���0�0��9DUPD��DQG�&�5��$QJOH����������1HXURHQGRFULQH�HIIHFWV�RI�WR[LF�DQG�ORZ
EORRG�OHDG�OHYHOV�LQ�FKLOGUHQ���3HGLDWULFV���������������

,&)�,QFRUSRUDWHG����������)RFXV�FKHPLFDOV�IRU�WKH�&OHDQ�$LU�$FW�$PHQGPHQWV�*UHDW�:DWHUV�VWXG\��
'UDIW���3UHSDUHG�IRU�2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$��5HVHDUFK�7ULDQJOH
3DUN��1&�

,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ��,-&�����������*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�RI�������
:LQGVRU��2QWDULR�

,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ��,-&���������������������3ULRULWLHV�DQG�3URJUHVV�8QGHU�WKH�*UHDW
/DNHV�:DWHU�4XDOLW\�$JUHHPHQW���:LQGVRU��2QWDULR��&DQDGD���$XJXVW������������SS�

-DFREVHQ��-�/���DQG�6�:��-DFREVHQ����������,QWHOOHFWXDO�LPSDLUPHQW�LQ�FKLOGUHQ�H[SRVHG�WR
SRO\FKORULQDWHG�ELSKHQ\OV�LQ�XWHUR���1HZ�(QJO��-��0HG������������������

-HUHPLDVRQ��-�'���.�&��+RUQEXFNOH��DQG�6�-��(LVHQUHLFK����������3&%V�LQ�/DNH�6XSHULRU������������
'HFUHDVHV�LQ�ZDWHU�FRQFHQWUDWLRQV�UHIOHFW�ORVV�E\�YRODWLOL]DWLRQ���(QYLURQ��6FL��7HFKQRO�������������

-RKDQVVRQ��8���$��)UHGULNVVRQ��DQG�3��(ULNVVRQ����������/RZ�GRVH�HIIHFWV�RI�SDUDR[RQ�LQ�DGXOW�PLFH
QHRQDWDOO\�H[SRVHG�WR�''7���FKDQJHV�LQ�EHKDYLRU�DQG�FKROLQHUJLF�YDULDEOHV���1HXURWR[LFRORJ\
����������

-RKQVRQ��%�+���5�(��+HDWK��%�%��+VLHK��.�:��.LP��DQG�+�/��%XWOHU����������8VHUV�JXLGH�IRU�D�WKUHH�
GLPHQVLRQDO�QXPHULFDO�K\GURG\QDPLF��VDOLQLW\��DQG�WHPSHUDWXUH�PRGHO�RI�&KHVDSHDNH�%D\���8�6�
(3$�&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0DU\ODQG�



5()(5(1&(6

�����

-RKQVRQ��'�&���0��6HQ��DQG�6�.��'H\����������'LIIHUHQWLDO�HIIHFWV�RI�GLFKORURGLSKHQ\OWULFKORURHWKDQH
DQDORJV��FKORUGHFRQH��DQG���������WHWUDFKORURGLEHQ]R�S�GLR[LQ�RQ�HVWDEOLVKPHQW�RI�SUHJQDQF\�LQ
WKH�K\SRSK\VHFWRPL]HG�UDW���3URFHHGLQJV�RI�WKH�6RFLHW\�IRU�([SHULPHQWDO�%LRORJ\�DQG�0HGLFLQH
����������

-RKQVRQ��'�:���DQG�6�(��/LQGEHUJ��HGV����������$WPRVSKHULF�GHSRVLWLRQ�DQG�IRUHVW�QXWULHQW�F\FOLQJ��
(FRORJLFDO�6HULHV������1HZ�<RUN��6SULQJHU�9HUODJ�

-RKQVRQ��/�/���&�0��6WHKU��3�2��2OVRQ��0�6��0\HUV��6�0��3LHUFH��*�$��:LJUHQ��%�%��0F&DLQ��DQG�8�
9DUDQDVL����������&KHPLFDO�FRQWDPLQDQWV�DQG�KHSDWLF�OHVLRQV�LQ�ZLQWHU�IORXQGHU�IURP�WKH�1RUWKHDVW
&RDVW�RI�WKH�8QLWHG�6WDWHV���(QYLURQ��6FL��7HFKQRO�������������������

-XEHUJ��'�5���DQG�5��/RFK�&DUXVR����������,QYHVWLJDWLRQ�RI�WKH�UROH�RI�HVWURJHQLF�DFWLRQ�DQG
SURVWDJODQGLQ�(��LQ�''7�VWLPXODWHG�UDW�XWHULQH�FRQWUDFWLRQV�H[�YLYR���7R[LFRORJ\�����������������

.DKO��-�6���6�$��1RUWRQ��,�-��)HUQDQGH]��.�-��1DGHOKRIIHU��&�7��'ULVFROO��DQG�-�'��$EHU���������
([SHULPHQWDO�LQGXFHPHQW�RI�QLWURJHQ�VDWXUDWLRQ�DW�WKH�ZDWHUVKHG�VFDOH���(QYLURQ��6FL��7HFKQRO�
��������������

.DQJ��.�6���0�5��:LOVRQ��7��+D\DVKL��&�&��&KDQJ��DQG�-�(��7URVNR����������,QKLELWLRQ�RI�JDS
MXQFWLRQDO�LQWHUFHOOXODU�FRPPXQLFDWLRQ�LQ�QRUPDO�EUHDVW�HSLWKHOLDO�FHOOV�DIWHU�WUHDWPHQW�ZLWK
SHVWLFLGHV��3&%V��DQG�3%%V��DORQH�RU�LQ�PL[WXUHV���(QYLURQ��+HDOWK�3HUVSHFW�����������������

.DYORFN��5�-���*�3��'DVWRQ��&��'H5RVD��3��)HQQHU�&ULVS��/�(��*UD\��6��.DDWWDUL��*��/XFLHU��0��/XVWHU�
0�-��0DF��&��0DF]ND��5��0LOOHU��-��0RRUH��5��5ROODQG��*��6FRWW��'�0��6KHHKDQ��7��6LQNV��DQG�+�$�
7LOVRQ����������5HVHDUFK�QHHGV�IRU�WKH�ULVN�DVVHVVPHQW�RI�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI
HQGRFULQH�GLVUXSWRUV��$�UHSRUW�RI�WKH�8�6��(3$�VSRQVRUHG�ZRUNVKRS���(QYLURQ��+HDOWK�3HUVSHFW�
����6XSSO������������

.HHOHU��*�-����������/DNH�0LFKLJDQ�XUEDQ�DLU�WR[LFV�VWXG\���)XQGHG�E\�8�6��(3$��$WPRVSKHULF
5HVHDUFK�DQG�([SRVXUH�$VVHVVPHQW�/DERUDWRU\���(3$�����65��������

.HHOHU��*�-���DQG�0��+R\HU���������LQ�SUHVV����5HFHQW�PHDVXUHPHQWV�RI�DWPRVSKHULF�PHUFXU\�LQ�WKH
*UHDW�/DNHV�UHJLRQ���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO
ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/�

.HHOHU��*�-���-�0��3DF\QD��7�)��%LGOHPDQ��DQG�-�2��1ULDJX����������,GHQWLILFDWLRQ�RI�VRXUFHV
FRQWULEXWLQJ�WR�WKH�FRQWDPLQDWLRQ�RI�WKH�*UHDW�:DWHUV�E\�WR[LF�FRPSRXQGV���(3$�����5��������

.HHOHU��*���*��*OLQVRUQ��DQG�1��3LUURQH����������3DUWLFXODWH�PHUFXU\�LQ�WKH�DWPRVSKHUH��,WV
VLJQLILFDQFH��WUDQVSRUW��WUDQVIRUPDWLRQ�DQG�VRXUFHV���:DWHU�$LU�6RLO�3ROOXW�������������

.HLWK��-�2���DQG�&�$��0LWFKHOO����������(IIHFWV�RI�''(�DQG�IRRG�VWUHVV�RQ�UHSURGXFWLRQ�DQG�ERG\
FRQGLWLRQ�RI�ULQJHG�WXUWOH�GRYHV���$UFK��(QYLURQ��&RQWDP��7R[LFRO�����������������

.HOFH��:�5���&�5��6WRQH��6�&��/DZV��/�(��*UD\V��-�$��.HPSSDLQHQ��DQG�(�0��:LOVRQ����������3HUVLVWHQW
''7�PHWDEROLWH�S�S
�''(�LV�D�SRWHQW�DQGURJHQ�UHFHSWRU�DQWDJRQLVW���1DWXUH��/RQGRQ�
������������������
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.LKOVWU|P��-�(���$��-RKDQVVRQ��-��$KOERP��0��2OVVHQ��6��-HQVHQ��DQG�$��%HUJPDQ����������(IIHFWV�RI
3&%�DQG�GLIIHUHQW�IUDFWLRQV�RI�3&%�RQ�WKH�UHSURGXFWLRQ�RI�WKH�PLQN�0XVWHOD�9LVRQ���$PELR
��������������

.LOEXUQ��.�+��DQG�-�&��7KRUQWRQ����������3URWUDFWHG�QHXURWR[LFLW\�IURP�FKORUGDQH�VSUD\HG�WR�NLOO
WHUPLWHV���(QYLURQ��+HDOWK�3HUVSHFW�������������������

.LP��5���+��+X��$��5RWQLW]N\��'��%HOOLQJHU��DQG�+��1HHGOHPDQ����������$�ORQJLWXGLQDO�VWXG\�RI
FKURQLF�OHDG�H[SRVXUH�DQG�SK\VLFDO�JURZWK�LQ�%RVWRQ�FKLOGUHQ���(QYLURQ��+HDOWK�3HUVSHFW�
����������������

.UDDN��0�+�6���'��/DY\��+��6FKRRQ��0��7RXLVVDQW��:�0��3HHWHUV��DQG�1�0��YDQ�6WUDDOHQ���������
&KURQLF�HFRWR[LFLW\�RI�FRSSHU�DQG�FDGPLXP�WR�WKH�]HEUD�PXVVHO�'UHLVVHQD�SRO\PRUSKD���$UFK�
(QYLURQ��&RQWDP��7R[LFRO�������������

/
,WDOLHQ��6����������2UJDQLF�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�/DNHV�������������5HSRUW�1R��(4%�7:'�
25�������,���(QYLURQPHQW�&DQDGD��(QYLURQPHQWDO�4XDOLW\�%UDQFK��2QWDULR�5HJLRQ���%XUOLQJWRQ�
2QWDULR�

/DKYLV��*�3���5�6��:HOOV��'�:��.XHKO��-�/��6WHZDUW��+�/��5KLQHKDUW��DQG�&�6��9LD����������'HFUHDVHG
O\PSKRF\WH�UHVSRQVHV�LQ�IUHH�UDQJLQJ�ERWWOHQRVH�GROSKLQV��7XUVLRSV�WUXQFDWXV��DUH�DVVRFLDWHG�ZLWK
LQFUHDVHG�FRQFHQWUDWLRQV�RI�3&%V�DQG�''7�LQ�SHULSKHUDO�EORRG���(QYLURQ��+HDOWK�3HUVSHFW�
����6XSSO����������

/DL��7�-��<�&�&KHQ��:�-�&KRX��<�/��*XR��+�&��.R��DQG�&�&��+VX����������&RJQLWLYH�GHYHORSPHQW�LQ
<XFKHQJ�FKLOGUHQ���'LR[LQ�
������WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&KORULQDWHG�DQG�5HODWHG
&RPSRXQGV��6HSWHPEHU�������9LHQQD��$XVWULD��9RO�������������

/DNH�&KDPSODLQ�%DVLQ�3URJUDP��/&%3�����������2SSRUWXQLWLHV�IRU�DFWLRQ��$Q�HYROYLQJ�SODQ�IRU�WKH
IXWXUH�RI�WKH�/DNH�&KDPSODLQ�%DVLQ���/DNH�&KDPSODLQ�%DVLQ�3URJUDP���'UDIW��2FWREHU������

/DNH�&KDPSODLQ�%DVLQ�3URJUDP��/&%3�����������2SSRUWXQLWLHV�IRU�DFWLRQ��$Q�HYROYLQJ�SODQ�IRU�WKH
IXWXUH�RI�WKH�/DNH�&KDPSODLQ�%DVLQ���/DNH�&KDPSODLQ�%DVLQ�3URJUDP���'UDIW��-XQH������

/DPERUJ��&�+���:�)��)LW]JHUDOG��*�0��9DQGDO��DQG�.�5��5ROIKXV����������$WPRVSKHULF�PHUFXU\�LQ
QRUWKHUQ�:LVFRQVLQ��6RXUFHV�DQG�VSHFLHV���:DWHU�$LU�6RLO�3ROOXW�������������

/DQJODQG��0����������$WPRVSKHULF�GHSRVLWLRQ�RI�DPPRQLD�IURP�RSHQ�PDQXUH�VWRUDJH�ODJRRQV�LQ
VRXWK�FHQWUDO�3HQQV\OYDQLD���(QYLURQ��3URI�����������

/DWLPHU��-�6���������LQ�SUHVV����7KH�VLJQLILFDQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�DV�D�VRXUFH�RI�3&%V�DQG
3$+V�WR�1DUUDJDQVHWW�%D\���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG
FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/���

/DZUHQFH��%�-����������0HUFXU\���(QJLQHHULQJ�DQG�0LQLQJ�-RXUQDO�����������

/HLEROG��(���DQG�/�5��6FKZDU]����������,QKLELWLRQ�RI�LQWHUFHOOXODU�FRPPXQLFDWLRQ�LQ�UDW�KHSDWRF\WHV
E\�SKHQREDUELWDO��������WULFKORUR�����ELV�S�FKORURSKHQ\O�HWKDQH��''7��DQG�JDPPD�
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KH[DFKORURF\FORKH[DQH��OLQGDQH���0RGLILFDWLRQ�E\�DQWLR[LGDQWV�DQG�LQKLELWRUV�RI�F\FOR�R[\JHQDVH��
&DUFLQRJHQHVLV������������������

/HLVWHU��'�/���DQG�-�(��%DNHU����������$WPRVSKHULF�GHSRVLWLRQ�RI�RUJDQLF�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\���$WPRV��(QYLURQ���������������

/HRQ]LR��&���/��0DUVLOL��DQG�6��)RFDUGL����������,QIOXHQFH�RI�FDGPLXP�RQ�3&%�FRQJHQHU
DFFXPXODWLRQ�LQ�TXDLO���%XOO��(QYLURQ��&RQWDP��7R[LFRO�������������

/HY\��+���DQG�:�-��0R[LP����������)DWH�RI�8�6��DQG�&DQDGLDQ�FRPEXVWLRQ�QLWURJHQ�HPLVVLRQV��
1DWXUH�������������
�
/LQGEHUJ��6�(���7�3��0H\HUV��*�(��7D\ORU��-U���5�5��7XUQHU��DQG�:�+��6FKURHGHU����������$WPRVSKHUH�
VXUIDFH�H[FKDQJH�RI�PHUFXU\�LQ�D�IRUHVW��5HVXOWV�RI�PRGHOLQJ�DQG�JUDGLHQW�DSSURDFKHV���-�
*HRSK\V��5HV�����'�������������

/LQGHQDX��$���%��)LVFKHU��3��6HLOHU��DQG�+�0��%HLHU����������(IIHFWV�RI�SHUVLVWHQW�FKORULQDWHG
K\GURFDUERQV�RQ�UHSURGXFWLYH�WLVVXHV�LQ�IHPDOH�UDEELWV���+XP��5HSURG���������������

/LQGHU��5�(���/�)��6WUDGHU��9�/��6ORWW��DQG�-�'��6XDUH]����������(QGSRLQWV�RI�VSHUPDWRWR[LFLW\�LQ�WKH
UDW�DIWHU�VKRUW�GXUDWLRQ�H[SRVXUHV�WR�IRXUWHHQ�UHSURGXFWLYH�WR[LFDQWV���5HSURG��7R[LFRO������������

/LQGTXLVW��2����������0HUFXU\�LQ�WKH�6ZHGLVK�HQYLURQPHQW���5HFHQW�UHVHDUFK�RQ�FDXVHV�
FRQVHTXHQFHV�DQG�FRUUHFWLYH�PHDVXUHV���:DWHU�$LU�6RLO�3ROOXW�����������

/LQNHU��/�&���5�/��'HQQLV��DQG�'�<��$OHJUH����������,PSDFW�RI�WKH�&OHDQ�$LU�$FW�RQ�&KHVDSHDNH�%D\
ZDWHU�TXDOLW\���,QWHUQDWLRQDO�&RQIHUHQFH�RQ�WKH�(QYLURQPHQWDO�0DQDJHPHQW�RI�(QFORVHG�&RDVWDO
6HDV��(0(&6���%DOWLPRUH��0'��0DU\ODQG�6HD�*UDQW�&ROOHJH�

/LQNHU��/�&���&�*��6WLJDOO��&�+��&KDQJ��DQG�$�6��'RQLJLDQ����������$TXDWLF�DFFRXQWLQJ��&KHVDSHDNH
%D\�ZDWHUVKHG�PRGHO�TXDQWLILHV�QXWULHQW�ORDGV���:DWHU�(QYLURQ��7HFKQRO�������������

/LQNHU��/�&���DQG�5�9��7KRPDQQ����������&URVV�PHGLD�PRGHOV�RI�WKH�&KHVDSHDNH�%D\��'HILQLQJ�WKH
ERXQGDULHV�RI�WKH�SUREOHP���:DWHUVKHG�
����$�1DWLRQDO�&RQIHUHQFH�:DWHUVKHG�0DQDJHPHQW��
%DOWLPRUH��0'�

/LVV��3�6���DQG�3�*��6ODWHU����������)OX[�RI�JDVHV�DFURVV�WKH�DLU�VHD�LQWHUIDFH���1DWXUH�������������

/RFNKDUW��:�/���5��:DJHPDQQ��%��7UDFH\��'��6XWKHUODQG��DQG�'�-��7KRPDV����������3UHVHQFH�DQG
LPSOLFDWLRQV�RI�FKHPLFDO�FRQWDPLQDQWV�LQ�WKH�IUHVKZDWHUV�RI�WKH�&DQDGLDQ�$UFWLF���6FL��7RWDO
(QYLURQ��������������

/RJDQ��-�$����������1LWURJHQ�R[LGHV�LQ�WKH�WURSRVSKHUH��*OREDO�DQG�UHJLRQDO�EXGJHWV���-��*HRSK\V�
5HV�����&�����������������

/RQJ��(�5���'��0DF'RQDOG��DQG�&��&DLUQFURVV����������6WDWXV�DQG�WUHQGV�LQ�WR[LFDQWV�DQG�WKH
SRWHQWLDO�IRU�WKHLU�ELRORJLFDO�HIIHFWV�LQ�7DPSD�%D\��)ORULGD���1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$���12$$�7HFKQLFDO�0HPRUDQGXP�126�20$����
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/RQJ�,VODQG�6RXQG�6WXG\���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

/RQJ�,VODQG�6RXQG��/,6��6WXG\����������6WDWXV�UHSRUW�DQG�LQWHULP�DFWLRQV�IRU�K\SR[LD�PDQDJHPHQW��
'HFHPEHU������

/RQJ�,VODQG�6RXQG��/,6��6WXG\����������7KH�&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ��
0DUFK������

/RYHWW��*�0���DQG�6�(��/LQGEHUJ����������'U\�GHSRVLWLRQ�RI�QLWUDWH�WR�D�GHFLGXRXV�IRUHVW��
%LRJHRFKHP������������

/XNH��:�7��DQG�5�$��9DOLJXUD���������LQ�SUHVV����0HWKRGRORJLHV�WR�HVWLPDWH�WKH�DLU�VXUIDFH�H[FKDQJH
RI�DWPRVSKHULF�QLWURJHQ�FRPSRXQGV���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW
/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\
�6(7$&��3UHVV��3HQVDFROD��)/���

0DOERXLVVRQ��-�)�&���7�:�.��<RXQJ��DQG�$�:��%DUN����������'LVUXSWLRQ�RI�SUHFRSXOD�LQ�*DPPDUXV
SXOHV�DV�D�UHVXOW�RI�EULHI�H[SRVXUH�WR�JDPPD�KH[DFKORURF\FORKH[DQH��OLQGDQH����&KHPRVSKHUH
�����������������

0DORQH��7�&����������(IIHFWV�RI�ZDWHU�FROXPQ�SURFHVVHV�RQ�GLVVROYHG�R[\JHQ��QXWULHQWV�
SK\WRSODQNWRQ�DQG�]RRSODQNWRQ���,Q��2[\JHQ�G\QDPLFV�LQ�WKH�&KHVDSHDNH�%D\��'�(��6PLWK��0�
/HIIOHU��DQG�0DFNLHUQDQ��HGV���&ROOHJH�3DUN��0'��0DU\ODQG�6HD�*UDQW�%RRN�

0DQQR��-���6��0H\HUV��'��5LHGHO��DQG�1��7UHPEHO\���������������6WDWH�RI�WKH�*UHDW�/DNHV�(FRV\VWHP
&RQIHUHQFH��6�2�/�(�&���%DFNJURXQG�3DSHU��(IIHFWV�RI�*UHDW�/DNHV�EDVLQ�FRQWDPLQDQWV�RQ�KXPDQ
KHDOWK���(QYLURQPHQW�&DQDGD�DQG�8�6��(3$���$XJXVW��������(3$�����5��������

0DURQL��0���DQG�$��)DLW����������+HDOWK�HIIHFWV�LQ�PDQ�IURP�ORQJ�WHUP�H[SRVXUH�WR�SHVWLFLGHV��$
UHYLHZ�RI�WKH�����������OLWHUDWXUH���7R[LFRORJ\���������������

0DVVDFKXVHWWV�%D\V�1(3���������������&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ�
VHFWLRQ�RQ�ELRORJLFDO�SURFHVVHV��DQG�3URJUDP�)DFW�6KHHW�1R����

0F&RQQDFKLH��3�5���DQG�$�&��=DKDOVN\����������,PPXQH�DOWHUDWLRQV�LQ�KXPDQV�H[SRVHG�WR�WKH
WHUPLWLFLGH�WHFKQLFDO�FKORUGDQH���$UFK��(QYLURQ��+HDOWK���������������

0F&RQQHOO��/�/���:�(��&DWKDP��DQG�7�)��%LGOHPDQ����������*DV�H[FKDQJH�RI�KH[DFKORURKH[DQH�LQ
WKH�*UHDW�/DNHV���(QYLURQ��6FL��7HFKQRO���������������

0F*URGG\��6�(���DQG�-�:��)DUULQJWRQ����������6HGLPHQW�SRUHZDWHU�SDUWLWLRQLQJ�RI�SRO\F\FOLF
DURPDWLF�K\GURFDUERQV�LQ�WKUHH�FRUHV�IURP�%RVWRQ�+DUERU��0DVVDFKXVHWWV���(QYLURQ��6FL��7HFKQRO�
�������������

0F,QWRVK��$����������/DNH�&KDPSODLQ�6HGLPHQW�7R[LFV�$VVHVVPHQW�3URJUDP��$Q�DVVHVVPHQW�RI
VHGLPHQW�DVVRFLDWHG�FRQWDPLQDQWV�LQ�/DNH�&KDPSODLQ�SKDVH�����)RU�WKH�/DNH�&KDPSODLQ�%DVLQ
3URJUDP�
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0F.LQQH\��-�'���DQG�&�/��:DOOHU����������3RO\FKORULQDWHG�ELSKHQ\OV�DV�KRUPRQDOO\�DFWLYH�VWUXFWXUDO
DQDORJXHV���(QYLURQ��+HDOWK�3HUVSHFW�����������������

0F1XWW��7�/���DQG�&��+DUULV����������/LQGDQH�HPEU\RWR[LFLW\�DQG�GLIIHUHQWLDO�DOWHUDWLRQ�RI�F\VWHLQH
DQG�JOXWDWKLRQH�OHYHOV�LQ�UDW�FRQFHSWXVHV�LQ�YLWUR���$EVWUDFW���7HUDWRORJ\�����������

0F9HHW\��%�'���DQG�5�$��+LWHV����������$WPRVSKHULF�GHSRVLWLRQ�RI�SRO\DURPDWLF�K\GURFDUERQV�WR
ZDWHU�VXUIDFHV��$�PDVV�EDODQFH�DSSURDFK���$WPRV��(QYLURQ�������������

0HHUD��3���3�5��5DR��5��6KDQNHU��DQG�2��7ULSDWKL����������,PPXQRPRGXODWRU\�HIIHFWV�RI�JDPPD�
+&+��OLQGDQH��LQ�PLFH���,PPXQRSKDUPDFRO��,PPXQRWR[LFRO������������������

0HOLOOR��-�0���3�$��6WHXGOHU��-�'��$EHU��DQG�5�'��%RZGHQ����������$WPRVSKHULF�GHSRVLWLRQ�DQG
QXWULHQW�F\FOLQJ���,Q��([FKDQJH�RI�WUDFH�JDVHV�EHWZHHQ�WHUUHVWULDO�HFRV\VWHPV�DQG�WKH�DWPRVSKHUH�
0�2��$QGUHDH��DQG�'�6��6FKLPHO��HGV���5HS��RI�'DKOHP�ZRUNVKRS�RQ�H[FKDQJH�RI�WUDFH�JDVHV
EHWZHHQ�WHUUHVWULDO�HFRV\VWHPV�DQG�WKH�DWPRVSKHUH��%HUOLQ��������*UHDW�%ULWDLQ��:LOH\�,QWHUVFLHQFH
3XEOLFDWLRQ�

0HQGROD��3���*�0��%XFN��-�(��9HQD��0��=LHOH]Q\��DQG�/�(��6HYHU����������&RQVXPSWLRQ�RI�3&%�
FRQWDPLQDWHG�VSRUW�ILVK�DQG�ULVN�RI�VSRQWDQHRXV�IHWDO�GHDWK���(QYLURQ��+HDOWK�3HUVSHFW�������������
����

0HQ]LH�&XUD�	�$VVRFLDWHV��,QF����������6RXUFHV�DQG�ORDGLQJV�RI�SROOXWDQW�WR�WKH�0DVVDFKXVHWWV
%D\V���5HSRUW�WR�WKH�0DVVDFKXVHWWV�%D\�3URJUDP���3XE��1R����������������������1RYHPEHU������

0LFKLJDQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��0'15�����������0HUFXU\�LQ�0LFKLJDQ
V�HQYLURQPHQW�
(QYLURQPHQWDO�DQG�KXPDQ�KHDOWK�FRQFHUQV���$�VFLHQFH�UHSRUW�WR�*RYHUQRU�-RKQ�(QJOHU���5�'��6LOOV�
0LFKLJDQ�(QYLURQPHQW�6FLHQFH�%RDUG��/DQVLQJ��0,�

0LOOHU��'�5���1�3��1LNRODLGLV��/�+��<DQJ��0�$��*HLJHUW��-��+HLWHUW��DQG�+�0��&KHQ����������7HFKQLFDO
UHSRUW�RQ�WKH�/RQJ�,VODQG�6RXQG�DWPRVSKHULF�GHSRVLWLRQ�SURMHFW���3UHSDUHG�IRU�&RQQHFWLFXW�'(3��
6WRUUV��&7�

0LOQH��3�-���DQG�5�*��=LND����������$PLQR�DFLG�QLWURJHQ�LQ�DWPRVSKHULF�DHURVROV��2FFXUUHQFH�
VRXUFHV��DQG�SKRWRFKHPLFDO�PRGLILFDWLRQ���-��$WPRV��&KHP�������������

0XVKDN��3���-�0��'DYLV��$�)��&URFHWWL��DQG�/�'��*UDQW����������3UHQDWDO�DQG�SRVWQDWDO�HIIHFWV�RI�ORZ�
OHYHO�OHDG�H[SRVXUH��,QWHJUDWHG�VXPPDU\�RI�D�UHSRUW�WR�WKH�8�6��&RQJUHVV�RQ�FKLOGKRRG�OHDG
SRLVRQLQJ���(QYLURQ��5HV�����������

1DJDWD��.���%�-��+DPLOWRQ��'�%��&DUWHU��DQG�7��1DUDKDVKL����������6HOHFWLYH�HIIHFWV�RI�GLHOGULQ�RQ�WKH
*$%$�UHFHSWRU�FKDQQHO�VXEXQLWV�H[SUHVVHG�LQ�KXPDQ�HPEU\RQLF�NLGQH\�FHOOV���%UDLQ�5HV��������
���������

1DLPR��7�-���*�-��$WFKLVRQ��DQG�/�(��+ROODQG�%DUWHOV����������6XEOHWKDO�HIIHFWV�RI�FDGPLXP�RQ
SK\VLRORJLFDO�UHVSRQVHV�LQ�WKH�SRFNHWERRN�PXVVHO��/DPSVLOLV�YHQWULFRVD���(QYLURQ��7R[LFRO��&KHP�
����������������
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1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$��DQG�0DVVDFKXVHWWV�'HSDUWPHQW�RI
(QYLURQPHQWDO�0DQDJHPHQW��0$�'(0�����������7KH�HFRORJ\�RI�WKH�:DTXRLW�%D\�(VWXDULQH
5HVHDUFK�5HVHUYH���*HLVW��0�$���HG���3UHSDUHG�IRU�WKH�2IILFH�RI�&RDVWDO�5HVRXUFH�0DQDJHPHQW�
6DQFWXDULHV�DQG�5HVHUYHV�'LYLVLRQ��12$$��DQG�0$�'(0��)RUHVW�DQG�3DUNV��5HJLRQ�,�

1DWLRQDO�:LOGOLIH�)HGHUDWLRQ��1:)�����������2XU�SULFHOHVV�*UHDW�/DNHV��%HQHILWV�RI�WKH�*UHDW�/DNHV
ZDWHU�TXDOLW\�LQLWLDWLYH���*UHDW�/DNHV�1DWXUDO�5HVRXUFH�&HQWHU��$QQ�$UERU��0LFKLJDQ���-XQH���������

1DWLRQDO�:LOGOLIH�)HGHUDWLRQ��1:)�����������)HUWLOLW\�RQ�WKH�EULQN��7KH�OHJDF\�RI�WKH�FKHPLFDO�DJH��
:DVKLQJWRQ��'�&�

1DWXUH�&RQVHUYDQF\��7KH����������7KH�FRQVHUYDWLRQ�RI�ELRORJLFDO�GLYHUVLW\�LQ�WKH�*UHDW�/DNHV
HFRV\VWHP��,VVXHV�DQG�RSSRUWXQLWLHV���7KH�1DWXUH�&RQVHUYDQF\��*UHDW�/DNHV�3URJUDP��&KLFDJR�
,OOLQRLV�

1HOVRQ��(�'���-�(��%DNHU��/�/��0F&RQQHOO��DQG�&�3��5LFH����������$LU�ZDWHU�H[FKDQJH�RI�FRPEXVWLRQ�
GHULYHG�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�RYHU�WKH�&KHVDSHDNH�%D\��7HPSRUDO�DQG�VSDWLDO
YDULDELOLW\�����WK�&RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�*UHDW�/DNHV�5HVHDUFK�

1HZ�<RUN�1HZ�-HUVH\�+DUERU�(VWXDU\�3URJUDP��,QFOXGLQJ�WKH�%LJKW�5HVWRUDWLRQ�3URJUDP���������
3URSRVHG�&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ���)HEUXDU\��������

1L[RQ��6�:���6�/��*UDQJHU��DQG�%�/��1RZLFNL����������$Q�DVVHVVPHQW�RI�WKH�DQQXDO�PDVV�EDODQFH�RI
FDUERQ��QLWURJHQ��DQG�SKRVSKRUXV�LQ�1DUUDJDQVHWW�%D\���%LRJHRFKHP�����������

1RUWKHUQ�9LUJLQLD�3ODQQLQJ�'LVWULFW�&RPPLVVLRQ��193'&�����������&KHVDSHDNH�%D\�EDVLQ�PRGHO��
3UHSDUHG�IRU�8�6��(3$�&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

1RUWRQ��6�$���-�6��.DKO��,�-��)HUQDQGH]��/�(��5XVWDG��-�3��6FRILHOG��DQG�7�$��+DLQHV����������5HVSRQVH
RI�WKH�:HVW�%HDU�%URRN�ZDWHUVKHG��0DLQH��86$��WR�WKH�DGGLWLRQ�RI��1+ � 62 ����\HDU�UHVXOWV��� � �

)RUHVW�(FRORJ\�DQG�0DQDJHPHQW����������

2
&RQQRU��7�3����������0XVVHO�ZDWFK�UHFHQW�WUHQGV�LQ�FRDVWDO�HQYLURQPHQWDO�TXDOLW\���1DWLRQDO
6WDWXV�DQG�7UHQGV�3URJUDP��1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ���$XJXVW��������

2
&RQQRU��7�3��DQG�%��%HOLDHII����������5HFHQW�WUHQGV�LQ�FRDVWDO�HQYLURQPHQWDO�TXDOLW\��5HVXOWV�IURP
WKH�0XVVHO�:DWFK�3URMHFW���1DWLRQDO�6WDWXV�DQG�7UHQGV�3URJUDP��1DWLRQDO�2FHDQLF�DQG
$WPRVSKHULF�$GPLQLVWUDWLRQ��-XQH������

2ZHQV��1�-�3���-�1��*DOORZD\��DQG�5�$��'XFH����������(SLVRGLF�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�WR
ROLJRWURSKLF�RFHDQV���1DWXUH�������������

3DHUO��+�:����������(QKDQFHPHQW�RI�PDULQH�SULPDU\�SURGXFWLRQ�E\�QLWURJHQ�HQULFKHG�DFLG�UDLQ��
1DWXUH������������

3DHUO��+�:����������1XLVDQFH�SK\WRSODQNWRQ�EORRPV�LQ�FRDVWDO��HVWXDULQH��DQG�LQODQG�ZDWHUV��
/LPQRO��2FHDQRJU������������
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3DHUO��+�:���-��5XGHN��DQG�0�$��0DOOLQ����������6WLPXODWLRQ�RI�SK\WRSODQNWRQ�SURGXFWLRQ�LQ�FRDVWDO
ZDWHUV�E\�QDWXUDO�UDLQIDOO�LQSXWV��1XWULWLRQDO�DQG�WURSKLF�LPSOLFDWLRQV���0DULQH�%LRO��������������

3DHUO��+�:���DQG�0�/��)RJHO����������,VRWRSLF�FKDUDFWHUL]DWLRQ�RI�DWPRVSKHULF�QLWURJHQ�LQSXWV�DV
VRXUFHV�RI�HQKDQFHG�SULPDU\�SURGXFWLRQ�LQ�FRDVWDO�$WODQWLF�2FHDQ�ZDWHUV���0DULQH�%LRO����������
����

3DHUO��+�:����������&RDVWDO�HXWURSKLFDWLRQ�LQ�UHODWLRQ�WR�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ��&XUUHQW
SHUVSHFWLYHV���2SKHOLD������������

3DHUO��+�:��&��$JXLODU��DQG�0�/��)RJHO���������LQ�SUHVV����$WPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�LQ
HVWXDULQH�DQG�FRDVWDO�ZDWHUV��%LRJHRFKHPLFDO�DQG�ZDWHU�TXDOLW\�LPSDFWV���,Q��$WPRVSKHULF
GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU
(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

3DOPHU��%�'���DQG�6�.��3DOPHU����������9LWHOORJHQLQ�LQGXFWLRQ�E\�[HQRELRWLF�HVWURJHQV�LQ�WKH�UHG�
HDUHG�WXUWOH�DQG�$IULFDQ�FODZHG�IURJ���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO�����������

3DQNRZ��-�)����������5HYLHZ�DQG�FRPSDUDWLYH�DQDO\VLV�RI�WKH�WKHRULHV�RQ�SDUWLWLRQLQJ�EHWZHHQ�WKH
JDV�DQG�DHURVRO�SDUWLFXODWH�SKDVHV�LQ�WKH�DWPRVSKHUH���$WPRV��(QYLURQ���������������

3DUHQW�0DVVLQ��'���DQG�'��7KRXYHQRW����������,Q�YLWUR�VWXG\�RI�SHVWLFLGH�KHPDWRWR[LFLW\�LQ�KXPDQ
DQG�UDW�SURJHQLWRUV���-RXUQDO�RI�3KDUPDFRORJLFDO�DQG�7R[LFRORJLFDO�0HWKRGV���������������

3HDUFH��%���1��3HWWLJUHZ��DQG�%��*RQJ����������&DVFR�%D\�0DLQH�&LUFXODWLRQ�0RGHOLQJ���8QLYHUVLW\
RI�0DLQH�IRU�&DVFR�%D\�(VWXDU\�3URMHFW���'UDIW�

3HFKDQ��(�+����������%DFNJURXQG�GRFXPHQWDWLRQ�RI�62 �DQG�12 �IRUHFDVWV���(�+��3HFKDQ�DQG�� � [

$VVRFLDWHV��6SULQJILHOG��9$���(3$�&RQWUDFW�1R�����'������

3HFRQLF�%D\�1(3���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

3HWW\��-�'���7�5��6FKZDUW]��DQG�'�/��6WDOOLQJ����������*DV�FKURPDWRJUDSKLF�UHVLGXH�SDWWHUQV�RI
WR[DSKHQH�LQ�ILVK�VDPSOHV�IURP�WKH�*UHDW�/DNHV�DQG�IURP�ULYHUV�RI�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��
,Q��1HZ�$SSURDFKHV�WR�0RQLWRULQJ�$TXDWLF�(FRV\VWHPV��7�3��%R\OH��HG���$PHULFDQ�6RFLHW\�IRU
7HVWLQJ�DQG�0DWHULDOV�$670�673�����

3LUURQH��1���DQG�*�-��.HHOHU���������LQ�SUHVV����0RGHOLQJ�DWPRVSKHULF�GHSRVLWLRQ�DQG�JDV�H[FKDQJH
RI�KD]DUGRXV�DLU�SROOXWDQWV�RYHU�/DNH�0LFKLJDQ���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR
WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

3RVWHU��'�/���DQG�-�(��%DNHU�������D���,QIOXHQFH�RI�VXEPLFURQ�SDUWLFOHV�RQ�K\GURSKRELF�RUJDQLF
FRQWDPLQDQWV�LQ�SUHFLSLWDWLRQ������&RQFHQWUDWLRQV�DQG�GLVWULEXWLRQV�RI�SRO\F\FOLF�DURPDWLF
K\GURFDUERQV�DQG�SRO\FKORULQDWHG�ELSKHQ\OV�LQ�UDLQZDWHU���(QYLURQ��6FL��7HFKQRO����������������
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3RVWHU��'�/���DQG�-�(��%DNHU�������E���,QIOXHQFH�RI�VXEPLFURQ�SDUWLFOHV�RQ�K\GURSKRELF�RUJDQLF
FRQWDPLQDQWV�LQ�SUHFLSLWDWLRQ������6FDYHQJLQJ�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�E\�UDLQ��
(QYLURQ��6FL��7HFKQRO����������������

3XOLFK��-U���:���:�$��:KLWH��0��&DVWLJOLRQH��DQG�5�-��=LPPHUPDQQ����������6WDWXV�RI�VXEPHUJHG
YHJHWDWLRQ�LQ�*DOYHVWRQ�%D\�V\VWHP���3URFHHGLQJV���*DOYHVWRQ�%D\�&KDUDFWHUL]DWLRQ�:RUNVKRS�
)HEUXDU\���������������*DOYHVWRQ�%D\�1DWLRQDO�(VWXDU\�3URJUDP�5HSRUW���*%1(3����)HEUXDU\�����
�UHSULQWHG�0DUFK�������

5DSDSRUW��5�$���DQG�6�-��(LVHQUHLFK����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[DSKHQH�WR�HDVWHUQ�1RUWK
$PHULFD�GHULYHG�IURP�SHDW�DFFXPXODWLRQ���$WPRV��(QYLURQ���������������

5HKDQD��7���DQG�3�5��5DR����������(IIHFW�RI�''7�RQ�WKH�LPPXQH�V\VWHP�LQ�6ZLVV�DOELQR�PLFH�GXULQJ
DGXOW�DQG�SHULQDWDO�H[SRVXUH�KXPRUDO�UHVSRQVHV���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������������

5LELFN��0�$���*�5��'XED\��-�'��3HWW\��'�/��6WDOOLQJ��DQG�&�-��6FKPLWW����������7R[DSKHQH�UHVLGXHV�LQ
ILVK��,GHQWLILFDWLRQ��TXDQWLILFDWLRQ��DQG�FRQILUPDWLRQ�DW�SDUW�SHU�ELOOLRQ�OHYHOV���(QYLURQ��6FL�
7HFKQRO�������������

5LGDO��-�-���%��.HUPDQ��/��'XUKDP��DQG�0�(��)R[����������6HDVRQDOLW\�RI�DLU�ZDWHU�IOX[HV�RI
KH[DFKORURF\FORKH[DQHV�LQ�/DNH�2QWDULR���(QYLURQ��6FL��7HFKQRO�������������

5LYHGDO��(���+��<DPDVDNL��DQG�7��6DQQHU����������,QKLELWLRQ�RI�JDS�MXQFWLRQDO�LQWHUFHOOXODU
FRPPXQLFDWLRQ�LQ�6\ULDQ�KDPVWHU�HPEU\R�FHOOV�E\�73$��UHWLQRLF�DFLG�DQG�''7���&DUFLQRJHQHVLV
��������������

5LYHUD��6���&��6DQIHOLX��DQG�(��5RGULJXH]�)DUUH����������&KDQJHV�LQ�UHJLRQDO�EUDLQ��>��&@
GHR[\JOXFRVH�XSWDNH�LQGXFHG�LQ�SRVWQDWDO�GHYHORSLQJ�UDWV�E\�VLQJOH�DQG�UHSHDWHG�QRQFRQYXOVDQW
GRVHV�RI�OLQGDQH���3HVWLF��%LRFKHP��3K\VLRO����������������

5RHONH��0�(���'�3��6FKXOW]��&�)��)DFHPLUH��6�)��6XQGORI��DQG�+�(��5R\DOV����������0HUFXU\
FRQWDPLQDWLRQ�LQ�)ORULGD�SDQWKHUV���$�UHSRUW�RI�WKH�)ORULGD�3DQWKHU�7HFKQLFDO�6XEFRPPLWWHH�WR�WKH
)ORULGD�3DQWKHU�,QWHUDJHQF\�&RPPLWWHH�

5RJDQ��:�-���DQG�%�&��*ODGHQ����������1HXURWR[LFLW\�RI�3&%V�DQG�UHODWHG�FRPSRXQGV��
1HXURWR[LFRORJ\����������

5RVV��3�6���5�/��'H�6ZDUW��3�-�+��5HLMQGHUV��+��9DQ�/RYHUHQ��-�*��9RV��DQG�$�'�0�(��2VWHUKDXV��
�������&RQWDPLQDQW�UHODWHG�VXSSUHVVLRQ�RI�GHOD\HG�W\SH�K\SHUVHQVLWLYLW\�DQG�DQWLERG\�UHVSRQVHV
LQ�KDUERU�VHDOV�IHG�KHUULQJ�IURP�WKH�%DOWLF�6HD���(QYLURQ��+HDOWK�3HUVSHFW�����������������

6DERRUL��$�0���DQG�'�6��1HZFRPEH����������(QYLURQPHQWDO�FKHPLFDOV�ZLWK�LPPXQRWR[LF�SURSHUWLHV��
,Q��&OLQLFDO�LPPXQRWR[LFRORJ\��'�6��1HZFRPEH��1�5��5RVH��DQG�-�&��%ORRP��HGV���1HZ�<RUN��1<�
5DYHQ�3UHVV���������

6DIH��6�+����������'R�HQYLURQPHQWDO�HVWURJHQV�SOD\�D�UROH�LQ�GHYHORSPHQW�RI�EUHDVW�FDQFHU�LQ
ZRPHQ�DQG�PDOH�UHSURGXFWLYH�SUREOHPV"��+XPDQ�DQG�(FRORJLFDO�5LVN�$VVHVVPHQW������������
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6DJHU��'�%���DQG�'�0��*LUDUG����������/RQJ�WHUP�HIIHFWV�RQ�UHSURGXFWLYH�SDUDPHWHUV�LQ�IHPDOH�UDWV
DIWHU�WUDQVODFWDWLRQDO�H[SRVXUH�WR�3&%V���(QYLURQ��5HVHDUFK����������

6DKD��6���DQG�%�'��%DQHUMHH����������(IIHFW�RI�VXE�FKURQLF�OLQGDQH�H[SRVXUH�RQ�KXPRUDO�DQG�FHOO�
PHGLDWHG�LPPXQH�UHVSRQVHV�LQ�DOELQR�UDWV���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������������

6DQWD�0RQLFD�%D\�5HVWRUDWLRQ�3URMHFW��60%53����������������6WDWH�RI�WKH�%D\��&KDUDFWHUL]DWLRQ
VWXG\�RI�WKH�6DQWD�0RQLFD�%D\�UHVWRUDWLRQ�SODQ���60%53��0RQWHUH\�3DUN��&$���-DQXDU\������

6DUDVRWD�%D\�1(3����������$V�UHSRUWHG�LQ�&RDVWOLQHV����������:LQWHU������

6FKHUEDWVNR\��7���-�0��%XUNH��$�:��5HD��DQG�*�-��.HHOHU���������LQ�SUHVV����$WPRVSKHULF�PHUFXU\
GHSRVLWLRQ�DQG�F\FOLQJ�LQ�WKH�/DNH�&KDPSODLQ�EDVLQ�RI�9HUPRQW���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI
FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO
7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/��

6FKHXKDPPHU��$�0����������7KH�FKURQLF�WR[LFLW\�RI�DOXPLQXP��FDGPLXP��PHUFXU\��DQG�OHDG�LQ
ELUGV��$�UHYLHZ���(QYLURQ��3ROOXW�������������

6FKHXKDPPHU��$�0����������(IIHFWV�RI�DFLGLILFDWLRQ�RQ�WKH�DYDLODELOLW\�RI�WR[LF�PHWDOV�DQG�FDOFLXP�WR
ZLOG�ELUGV�DQG�PDPPDOV���(QYLURQ��3ROOXW�������������

6FKLHOHQ��3���:��6FKRR��-��7HNVWUD��+�+�$��2RVWHUPHLMHU��:��6LHQHQ��DQG�1��%ORNVPD���������
$XWRLPPXQH�HIIHFWV�RI�KH[DFKORUREHQ]HQH�LQ�WKH�UDW���7R[LFRO��$SSO��3KDUPDFRO�����������������

6FKOHJHO��+���'�/��*RGEROG��DQG�$��+XWWHUPDQQ����������:KROH�SODQW�DVSHFWV�RI�KHDY\�PHWDO
LQGXFHG�FKDQJHV�LQ�&2 �XSWDNH�DQG�ZDWHU�UHODWLRQV�RI�VSUXFH��3LFHD�DELHV��VHHGOLQJV���3K\VLRO��

3ODQW�������������

6FKPLWW��&�-���-�/��/XGNH��DQG�'�)��:DOVK����������2UJDQRFKORULQH�UHVLGXHV�LQ�ILVK��1DWLRQDO�SHVWLFLGH
PRQLWRULQJ�SURJUDP��������������3HVW��0RQLW��-���������������

6FKPLWW��&�-���-�/��=DMLFHN��DQG�0�$��5LELFN����������1DWLRQDO�SHVWLFLGH�PRQLWRULQJ�SURJUDP��5HVLGXHV
RI�RUJDQRFKORULQH�FKHPLFDOV�LQ�IUHVKZDWHU�ILVK��������������$UFK��(QYLURQ��&RQWDP��7R[LFRO���������
����

6FKPLWW��&�-���-�/��=DMLFHN��DQG�3�+��3HWHUPDQ����������1DWLRQDO�FRQWDPLQDQW�ELRPRQLWRULQJ
SURJUDP��5HVLGXHV�RI�RUJDQRFKORULQH�FKHPLFDOV�LQ�8�6��IUHVKZDWHU�ILVK��������������$UFK��(QYLURQ�
&RQWDP��7R[LFRO�������������

6FKXO]��5���DQG�0��/LHVV����������&KURQLF�HIIHFWV�RI�ORZ�LQVHFWLFLGH�FRQFHQWUDWLRQV�LQ�IUHVKZDWHU
FDGGLVIO\�ODUYDH���+\GURELRORJLD����������������

6FXGODUN��-�5���DQG�7�0��&KXUFK����������$WPRVSKHULF�LQSXW�RI�LQRUJDQLF�QLWURJHQ�WR�'HODZDUH�%D\��
(VWXDULHV���������������

6FXGODUN��-�5���DQG�7�0��&KXUFK���������LQ�SUHVV����$WPRVSKHULF�GHSRVLWLRQ�RI�WUDFH�HOHPHQWV�WR�WKH
PLG�$WODQWLF�ELJKW���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO
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ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/���

6KHII\��7�%���DQG�-�5��6W��$PDQW����������0HUFXU\�EXUGHQV�LQ�IXUEHDUHUV�LQ�:LVFRQVLQ���-��:LOGO�
0DQDJH���������������

6LOEHUKRUQ��(�0���:�-��%LUJH��'�-��3ULFH��DQG�/�:��5REHUWVRQ����������&RPSDUDWLYH�GHYHORSPHQWDO
WR[LFLW\�RI�3&%�FRQJHQHUV�LQ�D�ILVK�HPEU\R�ODUYDO�DVVD\���$EVWUDFW���7R[LFRORJLVW��������

6LPFLN��0�)���6�-��(LVHQUHLFK��.�$��*ROGHQ��6��/LX��(��/LSLDWRX��'�/��6ZDFNKDPHU��DQG�'�7��/RQJ��
�������$WPRVSKHULF�ORDGLQJ�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�WR�/DNH�0LFKLJDQ�DV�UHFRUGHG�LQ
VHGLPHQWV���(QYLURQ��6FL��7HFKQRO���������������

6LQJK��$���:��)RVWHU��DQG�'��9LOOHQHXYH����������+H[DFKORUREHQ]HQH�LQGXFHG�DOWHUDWLRQV�LQ�WKH
RYDU\�RI�UDWV���$EVWUDFW��$QDW��5HF�����������D�

6LURLV��$���DQG�/�$��%DUULH����������$Q�HVWLPDWH�RI�WKH�LPSRUWDQFH�RI�GU\�GHSRVLWLRQ�DV�D�SDWKZD\�RI
DFLGLF�VXEVWDQFHV�IURP�WKH�DWPRVSKHUH�WR�WKH�ELRVSKHUH�LQ�HDVWHUQ�&DQDGD���7HOOXV���%�������

6LWDU]��:���'�7��/RQJ��$��+HIW��6�-��(LVHQUHLFK��DQG�'�/��6ZDFNKDPHU����������$FFXPXODWLRQ�DQG
SUHOLPLQDU\�LQYHQWRU\�RI�VHOHFWHG�WUDFH�PHWDOV�LQ�*UHDW�/DNHV�VHGLPHQWV���6L[WHHQWK�0LGZHVW
(QYLURQPHQWDO�&KHPLVWU\�:RUNVKRS��6HGLPHQWV���2FWREHU���������������

6NLQQHU��/�&���6�-��-DFNOLQJ��*��.LPEHU��-��:DOGPDQ��-��6KDVWD\��-U���DQG�$�-��1HZHOO����������&KHPLFDOV
LQ�ILVK��VKHOOILVK��DQG�FUXVWDFHDQV�IURP�WKH�1HZ�<RUN�1HZ�-HUVH\�KDUERU�HVWXDU\��3&%�
RUJDQRFKORULQH�SHVWLFLGHV��DQG�PHUFXU\���1HZ�<RUN�6WDWH�'HSDUWPHQW�RI�(QYLURQPHQWDO
&RQVHUYDWLRQ���1RYHPEHU������

6NLQQHU��/���6�/��-DFNLQJ��DQG�5�:��.DUFKHU����������,GHQWLILFDWLRQ�RI�DQG�FKDQJHV�LQ�FKHPLFDO
FRQWDPLQDQW�OHYHOV�LQ�\RXQJ�RI�WKH�\HDU�ILVK�IURP�1HZ�<RUN
V�*UHDW�/DNHV�EDVLQ���1HZ�<RUN�6WDWH
'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ���7HFKQLFDO�5HSRUW�������%(3����$XJXVW�������

6PXOOHQ��-�7���-�/��7DII��DQG�-��0DFNQLV����������1XWULHQW�DQG�VHGLPHQW�ORDGV�WR�WKH�WLGDO�&KHVDSHDNH
%D\�V\VWHP���,Q��8�6��(3$�&KHVDSHDNH�%D\�3URJUDP�WHFKQLFDO�VWXGLHV��$�V\QWKHVLV���$QQDSROLV��0'�

6RWR��$�0���.�/��&KXQJ��DQG�&��6RQQHQVFKHLQ����������7KH�SHVWLFLGHV�HQGRVXOIDQ��WR[DSKHQH��DQG
GLHOGULQ�KDYH�HVWURJHQLF�HIIHFWV�RQ�KXPDQ�HVWURJHQ�VHQVLWLYH�FHOOV���(QYLURQ��+HDOWK�3HUVSHFW�
���������������

6WDFH\��3�(����������1LWURJHQ�DQG�RUJDQLF�FDUERQ�ORDGV�WR�/RQJ�,VODQG�6RXQG���'UDIW�/RQJ�,VODQG
6RXQG�6WXG\�UHSRUW��&RQQHFWLFXW�'(3��+DUWIRUG��&7���1RYHPEHU������

6WHUQ��*�$���'�&�*��0XLU��-�%��:HVWPRUH��DQG�:�'��%XFKDQQRQ����������0DVV�VSHFWURPHWULF�VWXGLHV
RI�WKH�WR[DSKHQH�FRPSRQHQWV���H[R���HQGR���H[R���HQGR�����������RFWDFKORURERUQDQH��7���DQG���
H[R���HQGR���H[R���HQGR�������������QRQDFKORURERUQDQH��7O�����%LRO��0DVV��6SHFWUXP����������

6WRGGDUG��-�/����������/RQJ�WHUP�FKDQJHV�LQ�ZDWHUVKHG�UHWHQWLRQ�RI�QLWURJHQ��,WV�FDXVHV�DQG�DTXDWLF
FRQVHTXHQFHV���,Q��(QYLURQPHQWDO�&KHPLVWU\�RI�/DNHV�DQG�5HVHUYRLUV��$GYDQFHV�LQ�&KHPLVWU\
6HULHV�1R�������-�(��%DNHU��HG���$PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ�'�&�
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6WRZ��&���6��&DUSHQWHU��/��(E\��-�)��$PUKHLQ��DQG�5�-��+HVVHOEHUJ����������(YLGHQFH�WKDW�3&%V�DUH
DSSURDFKLQJ�VWDEOH�FRQFHQWUDWLRQV�LQ�/DNH�0LFKLJDQ�ILVKHV���(FRORJLFDO�$SSOLFDWLRQV�����������

6WUDFKDQ��:�0�-���DQG�6�-��(LVHQUHLFK����������0DVV�EDODQFLQJ�RI�WR[LF�FKHPLFDOV�LQ�WKH�*UHDW�/DNHV�
7KH�UROH�RI�DWPRVSKHULF�GHSRVLWLRQ���,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ��:LQGVRU��2QWDULR��&DQDGD�

6WUREHO��&���6�-��%HQ\L��'�-��.HLWK��+�:��%XIIXP��(�$��3HWURFHOOL��1�,��5XELQVWHLQ��DQG�%��0HO]LDQ��
�������(0$3�(VWXDULHV�9LUJLQLDQ�3URYLQFH�������6WDWLVWLFDO�VXPPDU\���(3$�����5��������

6XIIRON�&RXQW\��1<��'HSDUWPHQW�RI�+HDOWK�6HUYLFHV���1RYHPEHU��������%URZQ�WLGH�FRPSUHKHQVLYH
DVVHVVPHQW�DQG�PDQDJHPHQW�SURJUDP�VXPPDU\�

6XPSWHU��-�3���DQG�6��-REOLQJ����������9LWHOORJHQHVLV�DV�D�ELRPDUNHU�IRU�HVWURJHQLF�FRQWDPLQDWLRQ�RI
WKH�DTXDWLF�HQYLURQPHQW���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO������������

6XSOHH��&����������(QYLURQPHQWDO�HVWURJHQV�PD\�SRVH�JUHDWHU�ULVN��VWXG\�VKRZV���:DVKLQJWRQ�3RVW�
-XQH����������S��$��

6YHQVVRQ��%�$��$��1LOVVRQ��0��+DQVVRQ��&��5DSSH��%��cNHVVRQ��DQG�6��6NHUIYLQJ����������([SRVXUH�WR
GLR[LQV�DQG�GLEHQ]RIXUDQV�WKURXJK�WKH�FRQVXPSWLRQ�RI�ILVK���1��(QJO��-��0HG����������

6ZDLQ��:���7��&ROERUQ��&��%DVRQ��5��+RZDUWK��/��/DPH\��%��3DOPHU��DQG�'��6ZDFNKDPHU�������D��
([SRVXUH�DQG�HIIHFWV�RI�DLUERUQH�FRQWDPLQDWLRQ���(3$�����5��������

6ZDLQ��(�%���'�$��(QJVWURP��0�(��%ULJKDP��7�$��+HQQLQJ��DQG�3�/��%UH]RQLN�������E���,QFUHDVLQJ
UDWHV�RI�DWPRVSKHULF�PHUFXU\�GHSRVLWLRQ�LQ�PLGFRQWLQHQWDO�1RUWK�$PHULFD���6FLHQFH�������������

6ZHHW��&�:���DQG�,��%DVX����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�SROOXWDQWV�WR�/DNH�0LFKLJDQ�IURP
XUEDQ�DUHDV���,Q��3URFHHGLQJV�RI�WKH���WK�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ���3LWWVEXUJK��3$�

6ZHHW��&�:���DQG�.�6��+DUOLQ����������7R[LF�3$+V�LQ�DLUERUQH�SDUWLFOHV�DQG�SUHFLSLWDWLRQ�FROOHFWHG
QHDU�WKH�*UHDW�/DNHV���3UHVHQWHG�DW�WKH�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��-XQH�����������1DVKYLOOH��71���

7DPSD�%D\�1(3���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

7DWHQR��&���6��,WR��0��7DQDND��0��2\DPDGD��DQG�$��<RVKLWDNH����������(IIHFW�RI�''7�RQ�KHSDWLF�JDS
MXQFWLRQDO�LQWHUFHOOXODU�FRPPXQLFDWLRQ�LQ�UDWV���&DUFLQRJHQHVLV���������������

7KHRIDQRXV��7�*����������&RQFHSWXDO�PRGHOV�RI�JDV�H[FKDQJH���,Q��*DV�WUDQVIHU�DW�ZDWHU�VXUIDFHV�
*�+��-LUND��HG���+LQJKDP��0$��'��5HLGHO�3XEOLVKHUV���������

7KRPDQQ��5�9���-�5��&ROOLHU��$��%XWW��(��&DVPDQ��DQG�/�&��/LQNHU����������5HVSRQVH�RI�WKH
&KHVDSHDNH�%D\�ZDWHU�TXDOLW\�PRGHO�WR�ORDGLQJ�VFHQDULRV���&KHVDSHDNH�%D\�3URJUDP�2IILFH�
$QQDSROLV��0'���&%3�756��������
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7LGRX��$�6���-�&��0RUHWHDX��DQG�)��5DPDGH����������(IIHFWV�RI�OLQGDQH�DQG�GHOWDPHWKULQ�RQ
]RRSODQNWRQ�FRPPXQLWLHV�RI�H[SHULPHQWDO�SRQGV���+\GURELRORJLD�������������

7UXVW��.�$���$��)DLUEURWKHU��DQG�0�-��+RRSHU����������(IIHFWV�RI������GLPHWK\OEHQ]>D@DQWKUDFHQH�RQ
LPPXQH�IXQFWLRQ�DQG�PL[HG�IXQFWLRQ�R[\JHQDVH�DFWLYLW\�LQ�WKH�(XURSHDQ�VWDUOLQJ���(QYLURQ�
7R[LFRO��&KHP����������������

7XUHNLDQ��.�.���DQG�.�+��:HGHSRKO����������'LVWULEXWLRQ�RI�WKH�HOHPHQWV�LQ�VRPH�PDMRU�XQLWV�RI�WKH
(DUWK
V�FUXVW���*HRO��6RF��$PHU��%XOO�������������

7\OHU��0����������&RQWULEXWLRQV�RI�DWPRVSKHULF�QLWUDWH�GHSRVLWLRQ�WR�QLWUDWH�ORDGLQJV�LQ�WKH
&KHVDSHDNH�%D\���0DU\ODQG�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV���5HSRUW�53�������9(56$5��,QF�

8GGDPHUL��9���6�$��1RUWRQ��-�6��.DKO��DQG�-�3��6FRILHOG����������5DQGRPL]HG�LQWHUYHQWLRQ�DQDO\VLV�RI
WKH�UHVSRQVH�RI�WKH�:HVW�%HDU�%URRN�ZDWHUVKHG��0DLQH�WR�FKHPLFDO�PDQLSXODWLRQ���:DWHU�$LU�6RLO
3ROOXW�������������

8�6��(3$����������&KHVDSHDNH�%D\���$�IUDPHZRUN�IRU�DFWLRQ���$QQDSROLV��0DU\ODQG�

8�6��(3$����������$PELHQW�ZDWHU�TXDOLW\�FULWHULD�IRU�PHUFXU\����������2IILFH�RI�:DWHU��:DVKLQJWRQ�
'�&���(3$��������������

8�6��(3$����������4XDOLW\�&ULWHULD�IRU�:DWHU��������2IILFH�RI�:DWHU��:DVKLQJWRQ��'�&���(3$����������
����

8�6��(3$�������D���+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�GLHOGULQ���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW
2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$�������E���+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�WR[DSKHQH���(QYLURQPHQWDO�&ULWHULD�DQG
$VVHVVPHQW�2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$����������+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�FKORUGDQH���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW
2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$����������+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�''7���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW
2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$����������5HSRUWDEOH�TXDQWLW\��54��GRFXPHQW�IRU�OHDG���(QYLURQPHQWDO�&ULWHULD�DQG
$VVHVVPHQW�2IILFH���&LQFLQQDWL��2+���(&$2�&,1�5���$�

8�6��(3$�������D���+HDOWK�(IIHFWV�$VVHVVPHQW��+($��VXPPDU\�WDEOHV���2IILFH�RI�+HDOWK�DQG
(QYLURQPHQWDO�$VVHVVPHQW���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��&LQFLQQDWL��2+��
3UHSDUHG�IRU�26:(5�2(55��:DVKLQJWRQ��'�&���2(55������������������

8�6��(3$�������E���7HFKQLFDO�VXSSRUW�GRFXPHQW�RQ�OHDG��GUDIW����2IILFH�RI�+HDOWK�DQG
(QYLURQPHQWDO�$VVHVVPHQW��:DVKLQJWRQ��'�&���(&$2�&,1�����
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8�6��(3$����������7ULEHV�DW�ULVN��7KH�:LVFRQVLQ�7ULEHV�FRPSDUDWLYH�ULVN�SURMHFW���5HJLRQDO�DQG�6WDWH
3ODQQLQJ�%UDQFK��2IILFH�RI�3ROLF\��3ODQQLQJ��DQG�(YDOXDWLRQ���(3$�����5����������$V�FLWHG�LQ�,&)
V
GUDIW�UHSRUW�HQWLWOHG�6RFLDO�&RVWV�RI�0HUFXU\�3ROOXWLRQ��$SULO������

8�6��(3$�������D���,QWHULP�UHSRUW�RQ�GDWD�DQG�PHWKRGV�IRU�DVVHVVPHQW�RI���������
WHWUDFKORURGLEHQ]R�S�GLR[LQ�ULVNV�WR�DTXDWLF�OLIH�DQG�DVVRFLDWHG�ZLOGOLIH���(QYLURQPHQWDO�5HVHDUFK
/DERUDWRU\��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW���(3$�����5����������0DUFK������

8�6��(3$�������E���:RUNVKRS�UHSRUW�RQ�GHYHORSPHQWDO�QHXURWR[LF�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH
WR�3&%V���5HVHDUFK�7ULDQJOH�3DUN��1&���(3$�����5����������0D\������

8�6��(3$�������F���*UHDW�/DNHV�ZDWHU�TXDOLW\�LQLWLDWLYH�FULWHULD�GRFXPHQWV�IRU�WKH�SURWHFWLRQ�RI
DTXDWLF�OLIH�LQ�DPELHQW�ZDWHUV���2IILFH�RI�:DWHU��8�6��(3$��:DVKLQJWRQ��'�&�

8�6��(3$�������G���,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6����2QOLQH���25'��2IILFH�RI�+HDOWK�DQG
(QYLURQPHQWDO�$VVHVVPHQW��(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��&LQFLQQDWL��2+�

8�6��(3$�������H���5HJLRQDO�LQWHULP�HPLVVLRQ�LQYHQWRULHV��������������9ROXPH�,,��(PLVVLRQ
VXPPDULHV���2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��5HVHDUFK�7ULDQJOH�3DUN��1&���(3$
5HSRUW�����5�������E�

8�6��(3$�������D���'HSRVLWLRQ�RI�DLU�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV��)LUVW�5HSRUW�WR�&RQJUHVV��
3UHSDUHG�IRU�WKH�2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$��5HVHDUFK�7ULDQJOH�3DUN�
1&���(3$�����5��������

8�6��(3$�������E���*XLGDQFH�PDQXDO�IRU�WKH�LQWHJUDWHG�H[SRVXUH�XSWDNH�ELRNLQHWLF�PRGHO�IRU�OHDG
LQ�FKLOGUHQ���(3$�����5����������)HEUXDU\������

8�6��(3$�������F���+HDOWK�DVVHVVPHQW�GRFXPHQW�IRU���������WHWUDFKORURGLEHQ]R�S�GLR[LQ��7&''�
DQG�UHODWHG�FRPSRXQGV��WKUHH�YROXPHV����([WHUQDO�UHYLHZ�GUDIW���(3$�����%3�������F��

8�6��(3$�������G���(VWLPDWLQJ�H[SRVXUH�WR�GLR[LQ�OLNH�FRPSRXQGV��WKUHH�YROXPHV����([WHUQDO�UHYLHZ
GUDIW���(3$�������������&D��

8�6��(3$�������D���:DWHU�TXDOLW\�JXLGDQFH�IRU�WKH�*UHDW�/DNHV�6\VWHP��6XSSOHPHQWDU\�,QIRUPDWLRQ
'RFXPHQW��6,'����8�6��(3$��2IILFH�RI�:DWHU��(3$�����%����������0DUFK������

8�6��(3$�������E���(QGRFULQH�GLVUXSWHU�ZRUNVKRS�IDFW�VKHHW�DQG�UHSRUW�LQWURGXFWLRQ���1DWLRQDO
+HDOWK�DQG�(FRORJLFDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��8�6��(3$��5HVHDUFK�7ULDQJOH�3DUN��1&�

8�6��(3$�������F���5HYLHZ�RI�QDWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�QLWURJHQ�GLR[LGH�
$VVHVVPHQW�RI�VFLHQWLILF�DQG�WHFKQLFDO�LQIRUPDWLRQ���2$436�6WDII�3DSHU��(3$�����5���������
6HSWHPEHU������

8�6��(3$�������G���$FLG�GHSRVLWLRQ�VWDQGDUG�IHDVLELOLW\�VWXG\��5HSRUW�WR�&RQJUHVV���(3$�����5����
���D���2FWREHU������

8�6��(3$�������H���3URSRVHG�'HFLVLRQ�RI�12 �1$$46������)HGHUDO�5HJLVWHU��������3URSRVHG�5XOHV��

2FWREHU����������
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8�6��(3$�������I���7UDQVSRUW�GHSRVLWLRQ�PRGHO�IRU�7DPSD�%D\��)ORULGD���:RUNSODQ�LQIRUPDWLRQ�IURP
-RKQ�$FNHUPDQQ��2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$�

8�6��(3$�������J���$LU�WR[LFV�GHSRVLWLRQ�PRGHOLQJ�LQ�*DOYHVWRQ�%D\��7H[DV���:RUNSODQ�LQIRUPDWLRQ
IURP�-RKQ�$FNHUPDQQ��2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$�

8�6��(3$�������K���5HJXODWRU\�LPSDFW�DQDO\VLV�RI�WKH�ILQDO�*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH��
)LQDO�5HSRUW���3UHSDUHG�IRU�WKH�2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\��8�6��(3$��:DVKLQJWRQ��'�&��
0DUFK������

8�6��(3$�������D���*XLGDQFH�IRU�DVVHVVLQJ�FKHPLFDO�FRQWDPLQDQW�GDWD�IRU�XVH�LQ�ILVK�DGYLVRULHV��
9ROXPH�,,,��2YHUYLHZ�RI�ULVN�PDQDJHPHQW���2IILFH�RI�:DWHU��8�6��(3$��:DVKLQJWRQ��'�&���-XQH
�������(3$�����%��������

8�6��(3$�������E���1DWLRQDO�OLVWLQJ�RI�ILVK�DQG�ZLOGOLIH�FRQVXPSWLRQ�DGYLVRULHV���9HUVLRQ�������2IILFH
RI�6FLHQFH�DQG�7HFKQRORJ\��8�6��(3$���(3$�����&��������

8�6��(3$�������F���3URFHHGLQJV��:RUNVKRS�RQ�WR[DSKHQH�LQ�WKH�*UHDW�/DNHV��&RQFHQWUDWLRQV�
WUHQGV��DQG�SDWKZD\V���+RZDUG�=DU��8�6��(3$�5HJLRQ�9���6HSWHPEHU������

8�6��(3$�������G���6SHFLDO�UHSRUW�RQ�HQYLURQPHQWDO�HQGRFULQH�GLVUXSWLRQ��$Q�HIIHFWV�DVVHVVPHQW
DQG�DQDO\VLV�GRFXPHQW���3UHSDUHG�IRU�WKH�5LVN�$VVHVVPHQW�)RUXP��8�6��(3$���:DVKLQJWRQ��'�&��
(3$�����5��������

8�6��(3$�������H���6WXG\�RI�KD]DUGRXV�DLU�SROOXWDQW�HPLVVLRQV�IRU�HOHFWULF�XWLOLW\�VWHDP�JHQHUDWLQJ
XQLWV����LQWHULP�ILQDO�UHSRUW���2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��5HVHDUFK�7ULDQJOH�3DUN�
1&���(3$�����5�������DEF�

8�6��(3$�������I���(FRORJLFDO�ULVN�DVVHVVPHQW�IRU�ZDWHUVKHGV��:DTXRLW�%D\�QLWURJHQ�ORDGLQJ�PRGHO
GHYHORSPHQW�DQG�UHVXOWV���)LQDO�UHSRUW�IRU�2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\��8�6��(3$�
:DVKLQJWRQ��'�&���6HSWHPEHU������

8�6��(3$����������1LWURJHQ�R[LGHV�LPSDFWV�RQ�SXEOLF�KHDOWK�DQG�WKH�HQYLURQPHQW���6WDII�ZRUNLQJ
GUDIW���0DUFK������

8�6��(3$�DQG�(QYLURQPHQW�&DQDGD����������3URJUHVV�LQ�*UHDW�/DNHV�UHPHGLDO�DFWLRQ�SODQV�
,PSOHPHQWLQJ�WKH�HFRV\VWHP�DSSURDFK�LQ�*UHDW�/DNHV�DUHDV�RI�FRQFHUQ���(3$�����5���������
6HSWHPEHU������

8�6��(3$�DQG�(QYLURQPHQW�&DQDGD����������7KH�*UHDW�/DNHV�ELQDWLRQDO�WR[LFV�VWUDWHJ\��&DQDGD�
8QLWHG�6WDWHV�VWUDWHJ\�IRU�WKH�YLUWXDO�HOLPLQDWLRQ�RI�SHUVLVWHQW�WR[LFV�VXEVWDQFHV�LQ�WKH�*UHDW�/DNHV��
$SULO���������

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��):6�����������1DWLRQDO�VXUYH\�RI�ILVKLQJ��KXQWLQJ��DQG�ZLOGOLIH�
DVVRFLDWHG�UHFUHDWLRQ�

9DOLHOD��,���*��&ROOLQV��-��.UHPHU��.��/DMWKD��0��*HLVW��%��6HHO\��-��%UDZOH\��DQG�&��+��&KDP����������
1LWURJHQ�ORDGLQJ�IURP�FRDVWDO�ZDWHUVKHG�WR�UHFHLYLQJ�ZDWHUV��5HYLHZ�RI�PHWKRGV�DQG�FDOFXODWLRQV
RI�ORDGLQJ�WR�:DTXRLW�%D\���(FRO��$SSO���������������
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9DOLJXUD��5�$����������,WHUDWLYH�EXON�H[FKDQJH�PRGHO�IRU�HVWLPDWLQJ�DLU�ZDWHU�WUDQVIHU�RI�+12 ���-��

*HRSK\V��5HV������������������

9DOLJXUD��5�$���-�(��%DNHU��-�5��6FXGODUN��DQG�/�/��0F&RQQHOO����������$WPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ�DQG�FRQWDPLQDQWV�WR�&KHVDSHDNH�%D\�DQG�LWV�ZDWHUVKHG���,Q��3HUVSHFWLYHV�RQ�&KHVDSHDNH
%D\��������$GYDQFHV�LQ�HVWXDULQH�VFLHQFHV��6��1HOVRQ�DQG�3��(OOLRWW��HGV���&KHVDSHDNH�5HVHDUFK
&RQVRUWLXP��(GJHZDWHU��0'�

9DOLJXUD��5�$���:�7��/XNH��5�6��$UW]��DQG�%�%��+LFNV����������$WPRVSKHULF�QXWULHQW�LQSXW�WR�FRDVWDO
DUHDV��5HGXFLQJ�WKH�XQFHUWDLQWLHV���12$$�&RDVWDO�2FHDQ�3URJUDP�'HFLVLRQ�$QDO\VLV�6HULHV�1R�����
-XQH������

9HOLQVN\��'�-���7�/��:DGH��DQG�*�7�)��:RQJ����������$WPRVSKHULF�GHSRVLWLRQ�RI�RUJDQLF�FDUERQ�WR
&KHVDSHDNH�%D\���$WPRV��(QYLURQ����������������

:DGH��7�/���7�-��-DFNVRQ��/��&KDPEHUV��DQG�3��*DUGLQDOL����������$VVHVVPHQW�RI�EXW\OWLQV�
3&''�3&')�DQG�SODQDU�3&%�FRQWDPLQDQWV�LQ�VHGLPHQWV�IURP�&DVFR�%D\��0DLQH��86$���3UHSDUHG
IRU�WKH�&DVFR�%D\�(VWXDU\�3URMHFW�

:DOFHN��&�-���DQG�-�6��&KDQJ����������$�WKHRUHWLFDO�DVVHVVPHQW�RI�SROOXWDQW�GHSRVLWLRQ�WR�LQGLYLGXDO
ODQG�W\SHV�GXULQJ�D�UHJLRQDO�VFDOH�DFLG�GHSRVLWLRQ�HSLVRGH���$WPRV��(QYLURQ���������������

:DOODFH��-�&���/�3��%U]X]\��6�/��6LPRQLFK��6�0��9LVVFKHU��DQG�5�$��+LWHV����������&DVH�VWXG\�RI
RUJDQRFKORULQH�SHVWLFLGHV�LQ�WKH�LQGRRU�DLU�RI�D�KRPH���(QYLURQ��6FL��7HFKQRO���������������

:DQLD��)���DQG�'��0DFND\����������*OREDO�IUDFWLRQDWLRQ�DQG�FROG�FRQGHQVDWLRQ�RI�ORZ�YRODWLOLW\
RUJDQRFKORULQH�LQ�SRODU�UHJLRQV���$PELR����������

:DQLD�)���DQG�'��0DFND\����������7UDFNLQJ�WKH�GLVWULEXWLRQ�RI�SHUVLVWHQW�RUJDQLF�SROOXWDQWV��
(QYLURQ��6FL��7HFKQRO�����������$����$

:HEEHU��'�%����������$HULDO�IOX[�RI�SDUWLFXODWH�K\GURFDUERQV�WR�WKH�&KHVDSHDNH�%D\�HVWXDU\���0DU�
3ROO��%XOO�������������

:HEHU��'����������([SRVXUH�WR�VXEOHWKDO�OHYHOV�RI�ZDWHUERUQH�OHDG�DOWHUV�UHSURGXFWLYH�EHKDYLRU
SDWWHUQV�LQ�IDWKHDG�PLQQRZV��3LPHSKDOHV�SURPHODV����1HXURWR[LFRORJ\����������������

:HLQVWHLQ��-�(���7�/��:HVW��DQG�-�7��%UD\����������6KHOO�GLVHDVH�DQG�PHWDO�FRQWHQW�RI�EOXH�FUDEV�
&DOOLQHFWHV�VDSLGXV��IURP�WKH�$OEHPDUOH�3DPOLFR�HVWXDULQH�V\VWHP��1RUWK�&DUROLQD���$UFK��(QYLURQ�
&RQWDP��7R[LFRO�������������

:HLVV��5���-DQXDU\�����������(VWURJHQ�LQ�WKH�HQYLURQPHQW��:DVKLQJWRQ�3RVW��+HDOWK�6XSSOHPHQW��S�����

:HLVV��5���DQG�*��/HH����������3ROOXWLRQ
V�HIIHFW�RQ�KXPDQ�KRUPRQHV��:KHQ�IHDU�H[FHHGV�HYLGHQFH��
:DVKLQJWRQ�3RVW��0DUFK�����������S��$���

:HVHORK��'�9�&���DQG�3�-��(ZLQV����������&KDUDFWHULVWLFV�RI�D�UDSLGO\�LQFUHDVLQJ�FRORQ\�RI�GRXEOH�
FUHVWHG�FRUPRUDQWV��3KDODFURFRUD[�DXULWXV��LQ�/DNH�2QWDULR��3RSXODWLRQ�VL]H��UHSURGXFWLYH
SDUDPHWHUV�DQG�EDQG�UHFRYHULHV���-��*UHDW�/DNHV�5HV����������������
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:HVHORK��'�9�&���3�-��(ZLQV��-��6WUXJHU��3��0LQHDX��DQG�5�-��1RUVWURP����������*HRJUDSKLFDO
GLVWULEXWLRQ�RI�RUJDQRFKORULQH�FRQWDPLQDQWV�DQG�UHSURGXFWLYH�SDUDPHWHUV�LQ�KHUULQJ�JXOOV�RQ�/DNH
6XSHULRU���(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW������������

:HVW��3�&���-�0��)O\��5��0DUDQV��DQG�'��5RVHQEODWW����������0LQRULWLHV�DQG�WR[LF�ILVK�FRQVXPSWLRQ�
,PSOLFDWLRQV�IRU�SRLQW�GLVFKDUJH�SROLF\�LQ�0LFKLJDQ���3UHSDUHG�IRU�WKH�0LFKLJDQ�*UHDW�/DNHV
3URWHFWLRQ�)XQG���$V�FLWHG�LQ�WKH�5HJXODWRU\�,PSDFW�$QDO\VLV�RI�WKH�)LQDO�*UHDW�/DNHV�:DWHU
4XDOLW\�*XLGDQFH��0DUFK������

:KLWH��'�+���DQG�'�-��+RIIPDQ����������(IIHFWV�RI�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV�DQG
GLEHQ]RIXUDQV�RQ�QHVWLQJ�ZRRG�GXFNV��$L[�VSRQVD��DW�%D\RX�0HWR��$UNDQVDV���(QYLURQ��+HDOWK
3HUVSHFW������6XSSO�����������

:KLWPDQ��:�*����������7KH�WZR�ILOP�WKHRU\�RI�JDV�DEVRUSWLRQ���&KHP��0HWDOO��(QJ�������������

:REHVHU��*���DQG�0��6ZLIW�,,,����������0HUFXU\�SRLVRQLQJ�LQ�ZLOG�PLQN���-��:LOGO��'LVHDV�������������

:RLQ��3���DQG�&��%URQPDUN����������(IIHFW�RI�''7�DQG�0&3$�RQ�UHSURGXFWLRQ�RI�WKH�SRQG�VQDLO�
/\PQDHD�VWDJQDOLV�/���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������

:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2�����������(QYLURQPHQWDO�+HDOWK�&ULWHULD������&DGPLXP���:RUOG
+HDOWK�2UJDQL]DWLRQ��*HQHYD��

:UHQ��&�'����������3UREDEOH�FDXVH�RI�PHUFXU\�SRLVRQLQJ�LQ�ZLOG�RWWHU��/XWUD�FDQDGHQVLV��LQ
QRUWKZHVWHUQ�2QWDULR���&DQ��)LHOG�1DW�������������

:X��=�<���0��+DQ��=�&��/LQ��DQG�-�0��2QGRY����������&KHVDSHDNH�%D\�DWPRVSKHULF�GHSRVLWLRQ
VWXG\��\HDU����6RXUFHV�DQG�GU\�GHSRVLWLRQ�RI�VHOHFWHG�HOHPHQWV�LQ�DHURVRO�SDUWLFOHV���$WPRV�
(QYLURQ���������������

<DPDVKLWD��1���6��7DQDEH��-�3��/XGZLJ��+��.XQWD��0�(��/XGZLJ��DQG�5��7DWVXNDZD���������
(PEU\RQLF�DEQRUPDOLWLHV�DQG�RUJDQRFKORULQH�FRQWDPLQDWLRQ�LQ�GRXEOH�FUHVWHG�FRUPRUDQWV
�3KDODFURFRUD[�DXULWXV��DQG�&DVSLDQ�WHUQV�IURP�WKH�8SSHU�*UHDW�/DNHV�LQ��������(QYLURQ��3ROOXW�
��������������

=DUERFN��3�(���$��-DQLFNL��'��:DGH��'��+LJPXFK��DQG�+��:LOVRQ����������(VWLPDWHV�RI�WRWDO�QLWURJHQ�
WRWDO�SKRVSKRUXV��DQG�WRWDO�VXVSHQGHG�VROLGV�ORDGLQJV�WR�7DPSD�%D\��)ORULGD���&RDVWDO
(QYLURQPHQWDO�,QF��IRU�WKH�7DPSD�%D\�(VWXDU\�3URJUDP�

=HPED��6����������$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�WR�WKH�0DVVDFKXVHWWV�%D\V��
'UDIW���3UHSDUHG�IRU�WKH�0DVVDFKXVHWWV�%D\V�3URJUDP�2IILFH��%RVWRQ��0$�

=XIDOO��0�-���DQG�&�,��'DYLGVRQ���������LQ�SUHVV����'U\�GHSRVLWLRQ�RI�SDUWLFOHV�WR�ZDWHU�VXUIDFHV���,Q�
$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG��
6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/�


